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’ geek bY THE 


~"N Symposium on Water-heducing Retarders for Concrete 


Within the past several years, admixtures 
to reduce water content and to retard set 
in portland cement concrete have come into 
With the 
recognition of benefits derived from and the 


prominent use in construction. 


increase in availability of commercial con- 


crete retarders, the need for a specification 


for the acceptance and performance of all 


Prob- 
lems of acceptance and performance, how- 
the 


responsible for the selection and use of a 


types of retarders has become great. 


ever, confront engineer, who is 


satisfactory retarder, because of a lack of 


standard methods of testing retarders. 
It was believed that these problems would be 
greatly reduced by procedures for testing 
which 


would allow the engineer to make 


tests of the retarder to determine if it is 


acceptable and is uniform from batch- 
to-batch. 

In an attempt to standardize testing 
methods for retarding admixtures, the 


Bureau of Public Roads in 1957 undertook an 
extensive the effects of 


commercial retarders on certain properties 


investigation of 
of portland cement concrete. A question- 
naire was sent to all marketers of retarders 
the Public Roads 
with a request for samples and informa- 
Of the 
ples from I1 


known to Bureau of 


tion, samples received, 25 sam- 
for 


The other samples were considered 
I 


companies were chosen 
testing, 
not to meet the Bureau’s conditions for in- 
clusion in the testing program because they 
were either not essentially retarders or were 
not available commercially at the time of 
receipt, 

The 


conducted in two phases. 


study of commercial retarders was 
First. chemical, 
ultraviolet, and infrared spectral analyses 
were made to determine the composition 
of each retarder. Second,a study was made 
of the performance of the retarders when 
used in concrete. The results of the two 
phases of investigation are included in this 


Also 


specification for water-reducing retarders. 


issie, included is a recommended 

{ll materials were analyzed for specific 
physical properties and chemical composi- 
tion. One objective of the chemical and 
other analyses was to develop: procedures 
by which such materials could be identified 
quickly to provide a basis for obtaining the 
necessary assurance that the composition 
of a product is batch-to- 
batch. 


uniform from 


{nother objective of the analyses 
was to establish the chemical composition 
of typical commercial products to show 


Possible” relationships between chemical 


composition and the performance of con- 
cre‘e prepared with the retarders. 


The term “‘retarder” is used for brevity in 


this issue to mean a water-reducing re- 
tarding admixture. The retarders studied 
wer classified, according to their chemical 
con tituents, into three general chemical 
typ-s. For the purposes of discussion they 
PUr 
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are referred to as lignosulfonates (salts of 
lignosulfonic acid), organic acids (organic 
acids of the hydroxylated carboxylic type 
or their salts), and carbohydrates (reducing 
and nonreducing sugars and starches). 
Water-Reducing Retarders for Concrete— 
Chemical (p. 126) 


deals with the results obtained by the vari- 


and Spectral Analyses 
ous analyses of the retarders and the relative 
merits of each method in characterizing the 
the admixtures. 
conclusions based on the data are: 


composition of Specific 
the 
most promising means available for rapid 
identification and classification of retarders. 
This technique can be used to identify a 


Infrared spectral analysis offers 


material by obtaining a recorded spectral 
than 30 
minutes is required for the analysis whereas 


curve for each retarder. Less 


a week is required by conventional methods 
of chemical analysis. 

2. For” specific construction projects. 
infrared analysis can be used to assure the 
the the 


purchaser of uniformity of 


admixture. 

3. All three types of retarders could be 
distinguished from each other on the basis 
{Ithough the 
sulfonate retarders had the same general 


of infrared spectra. ligno- 


infrared spectrum regardless of the type of 


salt present or the source of supply. in many 


instances, specific commercial lignosul- 


fonates could be identified or differentiated 


by spectral differences caused by the manu- 


facturing process or the presence of other 


ingredients. 1s to organic acids and carbo- 


hydrates, specific trade products could be 
distinguished from each other. 

4. Ultraviolet spectra can also be used 
to identify lignosulfonate retarders and to 
obtain quantitative information as to their 
the 


tained are not as specific as are the infrared 


concentration. However, spectra ob- 
spectra. 
5. Although useful in identifying retarder 


materials, conventional chemical analyses 


are time consuming and tedious and in 
many cases yield doubtful results. This 
was found to be especially true for the 


lignosulfonate and organic acid retarders. 

Water-Reducing Retarders for Concrete— 
Physical Tests (p. 136) reports the data of 
the effects of 
certain 


commercial retarders’ on 


properties of portland cement 


concrete. The tests reported therein cover 


time of retardation, reduction of water, 


durability, and compressive and flexural 


strengths at various ages. The conclusions 
given below apply to concrete prepared with 
the 
proportions and conditions of mixin 


the cement and aggregates in stated 
g, mold- 
ing, curing, and testing used in this inves- 
tigation. 

1. To retard the setting time of concrete 
21/2 to 3 hours, more retarder was required 


in some cases than that recomimended by 


the manufacturer. This have been 


due to the cement used in these tests. and 


may 


indicates that acceptance tests of retarders 
should be made with the cement to be used 
in the proposed construction. 

2. Allretarders permitted some reduction 
in the amount of water required to prepare 
This 
reduction was over 5 percent for 23 of the 25 
retarders tested. 


concrete with a specific consistency. 


3. The use of retarders improved the com- 
pressive strength of concrete when the air 
content than 8 percent. This 
applied to concrete having either the same 


was less 
cement content or the same water content 
as was used in concrete prepared without a 
retarder, 

1. The flexural strength of concrete in 
veneral the use of 
retarders if the air content was less than 8 
When the cement content of the 
containing 


was not reduced by 
percent, 
concrete the retarder was the 
same as that for concrete without a retarder, 
the generally furnished 
higher flexural strength at both 7 and 

When the had _ the 
same water content, those containing the 


had 


and about 


use of retarder 


days. two concretes 


retarder generally higher flexural 


strength at 7 days the 
28 days. 

35. As determined by freezing and thawing 
tests in the laboratory, the durability of 
the 
most cases less than that for concrete pre- 


pared without the retarder. 


same 
strength at 


concrete containing retarder was in 


However, the 


decrease in relative durability was signifi- 
cant in the case of only one retarder. 
6. The 


continuous storage in laboratory air or the 


contraction of concrete during 
expansion during continuous moist storage 
was about the same for concrete prepared 
with or without a retarder. 

7. An overdose of four times the normal 
amount of retarder generally caused a long 
the the 


However. if the air content of this concrete 


delay in hardening of concrete, 
was not over 8 percent, the compressive 
strength at an age of 28 days was usually 
greater than that of the concrete prepared 
without a retarder. 

8. More retarder was usually required to 


retard the setting of concrete ata tempera- 


ture of 90° F. than at 73° FF. With few 
exceptions, the compressive strength of 


concrete prepared with a retarder at 90° F. 
was greater than that prepared at the same 
temperature without a retarder 


The data obtained from the study of the 
effects of retarders on concrete were used 
to prepare a specification for the acceptance 
and The 
mended specification is given on page 153. 
It is of to note that of the 25 
retarders used in the 


use of these retarders. recom- 
interest 
16 retarders met 
all of the requirements of the proposed 


specifications. 


test, 
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Water-Reducing Retarders for Concrete— 
Chemical and Spectral Analyses 


BY THE DIVISION OF PHYSICAL RESEARCH 


BUREAU OF PUBLIC ROADS 


N THE PAST 


mixtures to 


SEVERAL 


reduce 


YEARS, 


content 


ad- 
water and 
retard set in portland cement concrete have 
come into prominent use in construction, 
These materials are usually complex organic 
products which are sold under various trade 
names, As vet there are no standard specifi- 
but 
Materials 


specifica- 


cations or methods for testing retarders, 
the American Society for Testing 


(ASTM) is 


tions and methods for testing such admixtures 


now considering these 
These include among other items, requirements 
for the effeets of water-reducing retarders on 
the the 


resistance to freezing and thawing, and change 


compressis e strength of concrete, 


in volume. These tests may require a period 
of one year or more for completion and conse- 
quently are intended for the primary evalu- 
ation of such admixtures. 

After an admixture has been found accept- 
able 


purchases of the same material for use on 


under these specifications, subsequent 
specific projects may not be subjected to ex- 
tensive testing because of the time and cost 
involved. Consequently, the presently pro- 
posed specifications for retarding and water- 
suggest that the 
that the admixture 


supplied for use on each field job or project be 


reducing admixtures pur- 


chaser obtain assurance 


equivalent in composition to the original or 


reference admixture subjected to the ex- 
haustive tests required by the specifications. 
To explore the best) means of doing this, 
chemical analyses, as well as ultraviolet and 


made on 25 


retarders, All 


materials were analyzed for specific properties 


infrared spectral analyses, were 


commercial or trade-name 
and chemical composition. 


Types of Retarders Studied 


The retarders investigated were found to be 


of three general chemical lignosulfo- 


salts of 


tvpes: 


nates; organic hydroxy-carboxylic 


acids; and carbohydrates. A general discus- 
sion of the origin and characteristics of these 


major types of retarders studied is given below. 


Lignosulfonates 


With one exception, the lignosulfonate ma- 
terials studied were derived from spent sulfite 
liquor obtained in the acid process of wood 
pulping. The single exception was derived 


from the Kraft (alkaline) process. Materials 
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were supplied as the calcium, sodium, or am- 
monium salts, and either as a powder or in a 
water solution. 

Lignosulfonates are considered to be poly- 
mers of 


weight. A single 


molecules 


high molecular 


may ranging in 
hundred to 
100,000 with an average molecular weight of 
10,000 (1, 2).3 
these materials are polymers of a substituted 
The 
monomer unit has been represented as shown 
in figure 1, diagram A (2). The 
units of interest are hydroxyl (OH 


sample contain 


molecular weight from several 


approximately Structurally, 


phenyl propane grouping. repeating 


functional 
- methoxy | 


(OCHs), phenyl ring, and the sulfonic group 
SO;H). In the lignosulfonate salts, a metal 


or ammonium ¢cation replaces the hydrogen in 
the sulfonie grouping. 

Many commercial lignosulfonates also con- 
tain varving amounts of reducing sugars. <A 
t\ pical analysis showed the following percent- 
total 
18 percent; glucose 


ages of wood sugars based on sugar 


content (3): mannose 
15 percent; xvlose——-15 percent; galactose —-10 


percent; arabinose —6 percent; fructose 


under 2 percent; and unaccounted 


sugars 
for —4 percent. Much of these sugars can be 


removed by suitable processing techniques. 
Organic hydroxy-carboxylic acids 


Salts and complexes of organie hydroxy- 


carboxylic acids, sometimes referred to as 
sugar acids, are derived from the fermentation 
or oxidation of carbohydrates, such as dextrose, 
glucose, or starch. They are characterized by 
several hydroxyl groups and either one or two 
(COOH 
a relatively short carbon chain 
B of figure 1. As 


retarders, they are generally supplied as metal 


terminal carboxyvlie acid 


attached to 


groups 
as illustrated in diagram 


salts in which the hydrogen in the carboxylic 
acid group is replaced by sodium, potassium, 


etc. 
Carbohydrates 


Carbohydrates, such as reducing 


sugars 


(e.g., glucose), have been used as retarders 


(4). Tlowever, non-reducing sugars, sucrose 
Presented at the 40th Annual Meeting 


Research Board, Washington, D.C., 


of the Highwa 
January 1961. 

2 Acknowledgment is made to Raymond Cherwinski and 
L. B Analytical Chemists, for their 
earrying out the chemical and ultraviolet analyses 


Hayes, issistance In 


3 Italic numbers in prrentheses refer to a list of references on 


page 135 


Reported ' by WOODROW J. HALSTEAD, 
Supervisory Chemist, and 
BERNARD CHAIKEN, Chemist 


or cane sugar, are more illustrative of the typ« 
this study 
The structure of sucrose is shown in diagran 
C of figure 1. 


are characteristic of the material. 


of carbohydrate evaluated in 


Here again, hydroxyl group 


Physical Properties 


The physical properties of each retarde: 
evaluated in this study are shown in table 1 
the res 


The color code was 


Most of the materials were powders, 
were aqueous solutions. 


obtained by a visual comparison with thi 
closest color standard available in Federal 
Standard No. 595. Although this Federal] 


Standard is intended primarily for paints, it is 
useful for describing colors of other materials 
by standardized code number. 

The specific gravities of the liquid samples 
Values 


electrometrically o1 


were determined with a hydrometer. 
for pli 


liquid samples as received, and on aqueous 


were obtained 
solutions containing one pereent of the solid 
materials. Rather low pH values, indicating 
significant acidity, were obtained on a cot 

plexed hydroxy-carboxyvlie acid retarder (Ni 











6) and all the ammonium lignosulfonates 
(Nos 7, 10, and 17 Several ealeiur 
po. Kr 
. rT 
H H 
- =¢ Cc—¢-On 
! | 
OH SO3H O 
dD 


A. STRUCTURAL UNIT OF LIGNOSULFONIC A 


4 OH H H 
HoOoc — C—C—C¢—C—COOH 
OH H OH OH 


B. HYDROXY —-CARBOXYLIC ACID 


CH 9 OH H C HoOH 
OH H 
a 7s. | 4 —k_ CHoOt 
“4 4H OH) 
OH Hy ae a 
OH +——_/ ° te” 
4 OH 


C. CARBOHYDRATE (SUCROSE) 


Figure 1.—Typical chemical structures » 
retarders studied. 
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Table 1.—Physical properties of retarders 

















etween 0.01 and 1 g. in 10 ml.); S=soluble (more than 1 g. in 10 ml 


lignosulfonates (Nos. 14, 20, 21, and 25) had aqueous solution of sample No. 4, most likely 
moderately low pH values, possibly as a result because of a fluorescent dye used by the pro- 
5 of incomplete neutralization of the sulfonie ducer to characterize his product As noted 


in table 1, 
of the l-percent aqueous solutions after stand- 
Only No 


acid groups during processing. a mold growth developed in several 


9 


The apparent insolubility of samples Nos. 2 
and 8 in water was caused by the 


inert filler 


» large amount ing for about one week. retarde! 20 


> f in each material. Ultraviolet 


Color Solubility in—4 a a foam 

; ; ifte 

nr a Unusual character- 
Retarder Form Odor eax ry pil istics of l-percent 

No. sso Alcohol Di 1 2 5 15 aqueous solution 
Observed Code ! te Water benzene methy minute minutes | minutes | minutes 
chloroform ilfoxide 
1 Liquid None... : Phenolic 1.143 7.4 0 0 0 0 
2 Solid_- White. 37778 Woody ’ : “ 7.8 I I I 0 0 0 0 
3 ao... Olive : 3011S AD = . Daim S I I 10 5 3.5 l 
1 Liquid Amber : 6 23655 Rancid 1. 182 6.8 0 0 0 0 U. V. fluorescence. 
5 do Wine 20109 Pungent 1.148 a1 0 0 0 0 
6 do_. Amber 33538 None 1.178 2:3 0 0 0 0 
a Solid... Brown. 10091 Woody 3.3 PS I I 10 7 1 1.5 Mold growth. 
S do Pink 30313 None___- " 7.6 I I I ( 0 0 0 
9 Liquid Dark brown 10032 Rancid. 1. 196 8.2 ( 0 0 0 
10 Solid_. Medium brown 10091 W oody._- : 3.2 Ss I I 2 2 1.5 l Mold growth. 
11 a0... Light brown 20400 do 6.8 Ss I I 4 2 0 0 Do. 
12 do Mustard_. 30266 -.@0. 6.7 Ss I PS 0 0 0 0 
| — G0... Medium brown 30117 _do 9.4 PS I I l ) 0 0 
14 do Tan... 31643 do 1.6 S I I } 3 1.8 
15 -do_. Olive 30009 -do 7.4 S I I 11 s 4.5 2 
16 do Tan ; 31643 do_. 7.3 PS I PS y 6 2.5 1 
17 do_. Light brown 20400 do_. 3.8 Ss I > ] l 5 0 Mold growth, 
IS _.do Tan 31643 do_. 7.4 8 I I 2 l o5 
19 do Light brown 20400 |...do 6.6 Ss I I 0 0 0 
20 Liquid Dark brown 10032 do. 1.155 1.8 2 8 rl 1 
21 do do 10032 do_. 1. 147 1.7 ) 7 3 5 
22. Solid Dark brown 30045 do 8.8 I I é l Pe: 
23. 0. Medium brown 10091 _do . 9.1 Ss I I 0 0 0 
24 _.do Tan... 31643 0 Sees 7.8 PS I I ] l 0 
25 : do_. Oo 31643 _do = 4.6 PS I I 7 7 7 4 
Federal Standard No. 595 (by visual matching). 20 ml. of 1-peree iqueous solution in 50 ml. stoppered graduate. Inverted 30 times, 
Ivdrometer method on liquid samples as received. Readings tl yte licated time intervals. (Modified from McCutcheon, J. W., 
Electrometric method on liquid samples as received, and on solid samples in 1-percent Synthe Detergents, 1950, p. 79 
water solution By transmitted light. By lected light, color had a greenish fluorescence (equivalent ’ 
‘At room temperature: I=insoluble (less than 0.01 g. in 10 ml.); PS=partially solubk to Code 14187 


detergent which has been incorporated into 


the admixture. 
Qualitative Chemical Test Results 


Table 2 shows the results of qualitative chem- 
ical tests used to identify and classify each ma- 




















of produced a lasting foam in the foaming test terial for further evaluation. References to the 
fluorescence was observed on a_ 1l-percent This was apparently a result of some synthetic methods used are given in the footnotes to the | 
Table 2.—Qualitative tests on retarders ! | 
' 
| 
Sulfonated organics Basic Nitt ' 
fuchsin test Ligno- Carbon Cal- Pot 
Retarder sulfonate Chloride) Sulfate ite cium (Sodium. siun Iiydroxy acids (di- | Complexing agents | Melting point of 
No. Proctor-|(AgNO3 BaCl, (acid |(oxalate! (flame flame naphthol test CusSOg+- NaOll phenylhydrazine 
Original Alcohol- Alcohol-| Ilirst test test effer- test phot phot Am! Albu test) ¢ derivative, °C, ¢ 
material insoluble) soluble test vescence n mil 
fraction | fraction 
l 2 (3 4 5 6 (7 Ss y 10 ll 2 14 l 16) 
17 N : N N N N N | N P (light blue 
2 P P N 1 N N P N I N N No derivative. 
3 x r N P N Q N P P l N 7 
j N N N N N N 4 I P (greet P (light blue 188 to 189, 
5 N N Pp N N N | | N | P (blue-green P (medium blue I8Y to 191. 
N N NX N N N | N P (ight blue No derivative. 
P | N N Q N N I | | I : 
‘ N N N N N P P I ¥ t gree! P (ight blue No derivative. 
N N P N N N P P P l P (blue-green 180 to 182. 
) P P N ig N Q N N 1 I I P 
P P N P P P N P P a N N 
2 P P N P N N N P P I N N 
5 4 Pp N P N N P l P I N N 
1 e 4 N P N 4s N 3 4 I N N 
P P N N P N N . I \ N 
a s N P N P N P l I N \ 
P x N P N Q N N l I I 4 
‘ - s N Pr N N N P ] l N N P (light green No derivative, 
y P P N P N Q N N | I N N 
) P P N P N N N P I I N \ N 
9 P N P N N N P q | \ N N 
P P N P N Q N N Pp N N 
P P N P N Q N N - ! | I 
P P N Pr Pr T N P P | | | 
y af P P N P N P P I N N 
ide: P=positive indication; N=negative indication; T=trace indicated; Q=question- * A positive indication of sucrose was obtained by the alpha-naphthol test (Griffin, R. C., 
ndication. Technical Methods of Analysis, 2d ed., 1927, p. 567 
odified from Wallin, Anal. Chem., vol. 22, 1950, pp. 616-7. A positive indication of triethanolamine was obtained by the Kraut test (Official Methods 
ur. ALCA, vol. 51, No. 7, 1956, pp. 353-76 of Analysis, A.O.A.C., 7th ed. 1950, p. 609). 
BLIC RoaDs, vol » No. 12, 1954, p. 268. Positive indicat s of zine (sulfide test), and boron (flame and turmeric tests) were ob- 
Feigl, Qualitative Analysis by Spot Tests, 3d ed., 1946. tained. 
»f st procedure given in text. 1 A negative test for triethanolamine was obtained by means of the Kraut test (see footnot« 


positive indication of phenols was obtained by the Millon test (Feig], Qualitative 9). 
A sis by Spot Tests, 3d ed., 1946, p. 330). 
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table 
negative results by “N” 


Positive test results are shown by “P” 


trace quantities by 
“Pr and questionable results by “Q”. 
identified 


Sulfonated organic material was 


with basic fuchsin. This reagent reacts with 
sulfonates in acid solution to form a magenta- 
colored complex which can be extracted with 
chloroform. The results are given in column 2. 
The method has been described as a quantita- 
tive spectrophotometric determination of sul- 
fonated sulfated 
When 2 positive result was obtained on the 


original material, additional tests were made 


and organic materials (4 


on the sleohol-insoluble and aleohol-soluble 


fractions of the retarder \ positive result on 


the aleohol-insoluble fraction suggests the 


lignosulfonates, since lignosul- 


alcohol. 
on the aleohol-soluble fraction, as 


presence of 
fonates are insoluble in 
test 
for retarder No. 25, suggests the presence of a 
sulfated 
Consequently, the result on sample No. 25 
reinforces the test, 
that this 


detergent. 


A positive 
result 
detergent. 


sulfonated or synthetic 


findings of the foaming 
material contained a synthetic 
A more specific indication of lignosulfonate 
test In this 


is treated with 


is given by the Proctor-Hirst 
test, an acidified clear extract 
aniline. A 


of lignosulfonate 


resultant cloudiness is indicative 


The 


be quite reliable (6 In every Case, 


is considered to 
these 


results are in agreement with the findings from 


test 


the basic fuchsin test 
Columns 6 through Il in table 2 show the 
the results of tests for chloride, sulfate, car- 
bonate, calcium, sodium, and potsssitum using 
standard procedures. Positive test results for 


chloride and sulfate are not entirely reliable 
in the presence of some organics, such as were 


Pos- 
salts in the 


found in some retarders, because. of the 

sible 

presence 
Test 


albuminoid nitrogen 


precipitation of organic 
of silver and barium reagents 
both 


are shown in columns 12 


results for ammonineal and 


and 13. In the test for ammoniseal nitrogen, 
an alkaline solution of the sample was boiled 
and the vapor tested with red litmus paper for 
volatile ammonia \ blue color indicated the 
presence of an ammonium salt. Following the 


removal of volatile ammonia, 


added 


all uminoid nitrogen 


permanganate 


Wiis and the test repeated to detect 
Positive results suggest 
the presence of amines and similar nitrogenous 


compounds. 


Zine was detected in sample No. 6) by 
precipitation as a white sulfide, and boron by 
flame tests and turmerie paper. In sample 
No. 1, a phenolic odor was detected which was 


attributed to a phe This 


ol-tvpe material 


phenolic material was confirmed by the 
Millon test This material probably serves as 
a fungicide The same retarder also gave a 


positive test result for sucrose llowever, 


substances similar to SUCTOSe TRAY give posi- 
tive results with alpha-naphthol reagent, so 
that these results were 


The 


has been 


not conclusive 


results of the dinaphthol test which 


used to identify many hydroxy: 


earboxvlie acids are shown in column. 14. 


Acids such as tartaric, malice, tartronie, glu- 


coronic, and gluconic reportedly give a green 


fluorescence \ here a positive test result 
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was obtained, the nature of the color which 


developed is shown in parentheses. 


Test results for complexing agents are 
shown in column 15. Although not specific, 
the test may be used to deteet such com- 


triethanolamine, sugars, 
Where posi- 
tive results are shown, the color of the copper 


plexing 


agents as 


hydroxy-carboxvlie acids, ete. 


complex formed is also given 
A specific check for triethanolamine 


test, 


Was 


made by means of the Kraut 


No. 5 


presence of this compound, while sample No. 


Sample 


gave a positive indication of the 


IS gave a negative test for triethanolamine. 


Column 16 shows the melting points of 


phenylhydrazine derivatives of several re- 


tarders. Ordinarily, such derivatives are 
obtained with carboxylic acids, and the 
melting points of these derivatives have 
been used for qualitative analyses.6 This 
test was suggested by one producer of 
retarders; however, in this study it was 


found that duplicate determinations failed to 
give reasonably reproducible results. 

On the basis of the above qualitative tests, 
the following summarization 
No. 1 
phenolic additive. 


was possible. 


fetarder contained a sugar and a 
Five samples were found 
to be the following derivatives of hvdroxy- 


carboxylic acids: Nos. 4, 8, and 9 appeared 
to be metal salts; No. 6 a zine borate complex; 
and No. 5 The other 


materials were lignosulfonate salts of various 


a triethanolamine salt 
t\ pes. 


Quantitative Chemical Analyses 


Inorganic constituents 


Table 3 gives the results of the analvses for 
inorganic constituents in each retarder sample. 
Moisture or water 
loss at 105° © 
This material had 
or volatilize 


was determined by oven 
No. 5. 


to decompose 


except for sample 
a tendency 
at that temperature, and there- 
fore its moisture content was determined by 
heating at 50° C. under vacuum. 

Total ash content 
tion at 600° C 


the ash 


was determined by igni- 
, and HCl insoluble by treating 
ee The 
acid-soluble ash constituents were then deter- 


with hydrochloric acid 


methods of 
oxides. The 


mined by conventional analysis 
and reported as the 
Naw Ko, flame 


photometry - and Zine by ferrocvanide titrat ion 


alkalies, 


and were determined by 


With an external indicator. Carbon dioxide 


was determined by wet evolution with hydro- 
Mohr titra- 


Boron was analyzed by distillation with 


chlorie acid and ehlorides by the 
tion. 
methyl aleohol followed by titration using an 


ASTM standard procedure. Total sulfur was 


4 Details of t test procedure are as follows: To 10 ml 
i l-percent solution of the admixture, add 1 ml. of 10-percent 
NaOH, mix, and add 1 mil. of 3-percent CusO Mix and 
note whether a soluble colored copper complex formed 

§ Details of the test procedure are as follow lo a test 
tube (35 ml., 20 x 150 mm.) add 1 ml. of a 50-percent aqueous 
solution of active ingredient, add 4 ml. H2,0, 0.7 ml. of 
glacial acetic acid and 1.0 ml. phenyl! hydrazine Fit with 
reflux tube approximately 8 inches long, heat in boiling 
water and reflux 3 hours Filter while hot, collect filtrate, 
cool and let crystallize from 2 hours to overnight. Collect 


crystals by filtration, wash with 5 ml. cold water, then 5 ml 


ilcohol Dry at room temperature and determine melting 


pomt 





obtained by wet oxidation followed by pre- 


cipitation as barium sulfate. 
Summary of inerganic results 
Retarders Nos. 1, 5, 7, 
to be composed almost exclusively of organic 
that 


10, and 17 appeared 


material 
600" © 


Wits completely volatilized at 
Retarder No. 2 contained limeston 
or dolomitie limestone along with zinc, perhaps 
Samples Nos. 4 and 9 
sodium potassium 
respectively, — of 


as zine oxide. were 


composed of and salts, 


carboxylic acids. Sample 


likely 
fetarder No. 8 contained 


No. 6 contained zine and boron, most 
in the oxide form 


a large amount of insoluble siliceous material 


and iron oxide. Retarders Nos. 11 and 24 
contained ealeium chloride and No. 18° con- 
tained a substantial amount of sodium ear- 


bonate. 
Organic constituents 
The 


each retarder are shown in table 4. 


organic constituents determined — in 
teferences 
to the methods used are given in the footnotes 
The volatile matter at 600° C. is an approxi 
mate measure of total organi¢e material present 


Methoxyl Zeise| 
method. 


was determined by the 


Lignosulfonates were determined by a 
recommended cinchonine procedure. It ap- 
pears from the results shown, as well as the 
results of duplicate determinations, that the 
cinchonine procedure vielded erratic results 
also calculated from the 


Lignin content was 


methoxyl values as given by the Technical 
Association of the: Pulp and Paper Industry 
TAPPI T629, While this 


procedure was empirical, the results appeared 


method m-53) 
to be more realistic than those obtained by the 
method 
\ colorimetric 


cinchonine 


procedure was used to 
determine total carbohydrates by the anthrom 
method (8), and reducing sugars were deter 


mined by the Somogyvi-iodometric method 
after precipitation of non-carbohydrates with 


lead 


stituent was calculated as glucose. 


basic acetate. In both eases the cor 


Sucrose was determined by the AOA 
Association of Official Agricultural Chemists 


official chemical procedure by direct weighi 


of cuprous oxide. The anionic sulfonate: 
detergent was determined  colorimetriecal!l 
with basie fuehsin after first extracting t! 


The method 
was similar to that prescribed by Wallin 


detergent with aleohol. used 


except that visual estimation was made 
Nessler tubes beeause of the staining effe 
by the reagent on =pectrophotometric cel 

Phenol was determined from the spect: 


270 


a calibration curve of known concent! 


photometric absorption at millimicrot 
using 
tions of phenol plotted against absorbance 
Total nitrogen was obtained by the Kjelda il 
distillation procedure, and ammoniacal nitt 
gen Was from 


determined by distillation 


alkaline solution. After removing ammonisc il 
added aid 
albuminoid nitrogen obtained by distillati 
Fixed differe: 


nitrogen, permanganate Was 


nitrogen was calculated by 


Classification and probable composition 


Based on the results of chemical analy: 
the classification and probable composition °f 
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The ma- 
jority of the retarders analyzed were found to 


each retarder are given in table 5. 


salts of 
The approximate amount 
salt 


be ammonium, sodium, or caleium 
lignosulfonie acid. 
of lignosulfonate shown was obtained 
by empirical calculations based on methoxyl 


Nos. 3 15, the 


unreasonably high 


values. In two samples, and 


‘mpirical calculation gave 
results beeause of high methoxyl contents. 
Consequently, the values shown for these sam- 


ples were obtained by difference and therefore 


Only one 
was found to 
detergent, whi 
aryl sulfonate 
Nos. 11] and 24 
of calcium ¢|} 
respectively 
SO-U0 percent 
about 7 perc 
contained app 


carbonate 


lignosulfonate 


retarder 
CONTAIN 4 
h was possibly a 

Two of the 


contained substanti 


al 

iloride (9.8 and V5 
Retarder No a 
otf dolomitie limes 

t zine oxide. Retarde 


roximately 2g pere 


No ake 


sulfonated svnthetie 
sodium alkvl 


lignosulfonates, 


wWMounts 
Her nt 
| 

ontained 
one and 
I No 13 


sodium 


contained little or no carbohydrates. Retarder 


No, 8. 


and 


4 solid material, contained iron oxide 
filler. 


each 


siliceous The organie carboxylic 


material in retarder was estimated 


by difference. 


Only one retarder, No. 1, was found to be 
t carbohydrate This was) essentially a 
nonreducing sugar (sucrose It contained 


some phenol to prevent fermentation — or 


mold growth. 


It is quite possible that these retarders mivy 























represented the maximum amounts of ligno- The derivatives of hvdroxy-carboxyvlic acids contain minor amounts of other organic 
<ulfonate possible. Carbohydrates, both non- were found to be metallie salts sodium substances not discussed here, but no effort 
reducing and reducing-sugar types, were caleu- calcium, and potassium; triethanolamine salt was Inside in this study to identify all such 
lated as glucose. and zine borate complex Thes materials minor constituents. 
Table 3.—Inorganic constituents in retarders, by percent of constituent 
} Analyses 
| Moisture 
Retarder No. | or water, 
it 105 TotalashiHCl (1:5 COs, wet) Chlorice | ‘Total 
Cc fat 600° C.) Insoluble SiO», R20 FeoQ ) MeO NaoO ) 30) Zno evolution s Cat Boo) sulfur, 
method isSo 
] 66.7 2 | 
2 } 97.2 ». 6 Neg Os j ] \ ) 37.8 O86 
$ 6S 17.7 ] 0.2 { 1.0 ( Qs 
4 6s, 2 24.5 \t Ni Ne Neg J 
5 a7. 1 4 0 
6 42.9 < Veg Ne 15. ¢ 11.4 
7 4.5 | Neg Neg 14.3 
sS 7 Wd 17 Pip. 14.0 6.7 2.0 ; 
4 66.5 o Neg 10) Nes 
0) l 7 Ne Z 1 N % 14.0 
1] 6.2 28. 2 6 Neg Ne } y 9g. 13.2 
12 1.4 21.2 2 Neg 2 s ) 11.4 
14 SS 7 ) l 6 th l 12.6 G6 
14 ( 2 l Neg l 1.4 i $ 9.2 
15 7.4 2, a 5 2 Neg t 3 / 10 
Ih 5 2 Neg Neg t l ( 13. 5s 
17 7.6 ‘ Neg Neg Neg ‘ ) 13.5 
Is re ; | Neg th \ \ , 11.8 
4 4 25.4 l } ] Ni $6 16.9 
1) 69.0 ») Neg » Ni Ni s 13.1 
21 70.3 ae Neg 2 Ne Ne ) 15.6 
Ze 8. 5 +5 5 Neg $ Ne Zise 
23 Fab $4.7 2 Neg Neg ( | ) 7.6 
24 10 44. (} ] Neg . ) D5, ( 16.0 
25 6 17.2 l Neg | ti! 15.6 
Loss at 105° C., calculated on basis of material as receive 5 Dist m method C 169-53, sec. IS; ASTM Standards Part. 3, 
2 Neg. Negligible. 1955, p. & 
FeoO; plus AloOg rAPPI { 
‘Volumetric determination wit!) ferrocyanide. 7 Loss ( 
PM 
Table 4.—Organic constituents, in percentages by weight of dry solids 
| 
Ligne I Nit 
| Volatile sulfonate Lignin rt Reducin Ss 
} Retarder No matter Methoxyl cincho ulate \ AOAC | 
| it H00> ¢ rine from 1 Votal Ammo Albu Fixed 
| method)? | methoxy Niue sN niacal =| mir oid is N 
NII N 
| 
| | Yu oo t 14 | 
| 
- Pd (). 2 1.3 Py 7 t) 
3 » = 69, 2 G2 . 
{ 5. 2 ) 
5 49.6 3.4 0.1 2 3.8 
( “7 ol 
7 YS. 7 §.2 109.6 64. 2 29 ce »0 1.7 
‘ 10. ¢ ‘ 
} 67.6 l 
) 49.3 8.4 43. 4 65. 2 j $ 4.4 1.4 » 
| rs ie 6.4 100.6 14.8 I 
2 78. & y 104.8 AH, 2 ae 
3 od. 0 4. 123. 4 55.5 » $ 
} S45 66 110.2 51.9 
5 76. 3 1.4 104.4 SS, ¢ 
t S3. ¢ ae 6.4 58.8 38 
9B. 2 8.2 Ys. I 63.4 2 8. | 3.2 y Aa | B.S 
‘ WH) +t 6.9 114.6 53.7 sf 3 () 1.8 a 1s 
/ 74. ¢ 7.1 y2.8 54.7 5 8 
rr 6.2 93.0 1S. 7 Lo 
vy or ae 117.6 6.4 ‘ } 
4.8 %. 4 Dd 42.3 t (2 
65.3 6.4 65 5a 7 $ ’ rT) 4 
7 y. 2.8 a3 21.9 j 1.¢ ” ty s 
S28 S65 103. 6 67.2 ( 1 
BLIC ROaADs, vol. 27, No. 12, p. 268, 1954. AOAC 29 
ir. ALCA, vol. 51, No. 7, p. 353, 1956. © fuchsin), Wallin, Anal. Chem., vol, 22, 1950, p. 616. 
\ PPI, T629-m53; methoxy] divided by 0.128 * By spe ption at 270 millimicrons 
ithrone method; Morris, Science, vol. 107, 1948, p. 254 AOAC 
Mmogyi iodometric volumetric method, Jour. Biol. Chem., vol. 160, N 45, p. ¢ © n mmoniacal nitrogen 
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Table 5.—Classification and probable composition of retarders, percent of constituent on dry 





solids basis ! 





Retarder 
No 


arder type 


Lignosulfonates 


Ammonium salts 


Sodium salts 





| 23 
9 
3 
11 
12 
13 
14 

Calcium salts 
16 
1s 
Y0 
21 
24 

Organic acids 
Metal salts 

Sodium (9.3 percent Na } 
Caleium (3.7 percent Ca % 
Potassium (13.7 percent Kk i) 
Triethanolamine salt 5 
Zine borate complex 6 

Carbohydrates 
Sucrose l 





Carbohydrates 4 


Ligno- 
Water? | sulfonate Calcium Zine 
salt 3 Non- Redue- chloride oxide 
reducing ing 
types 5 sugars ° 
1.5 76 3.0 2.9 
1 77 1.9 3.5 
7.6 6 4.1 s. 1 
7.4 94 2.2 ; 
5.4 66 4.1 1.8 
8.5 51 if) . 62 
7.2 64 2.0 3 
i 2 ot 6 6.7 
6.8 3 3.2 s 0.0 
6.2 59 3.7 1.5 9.5 
4.4 67 2.0 2.7 0 
SS 66 5 3 
6.5 62 4.0 5.1 
D. 3 70 3.8 3.8 0 
7.2 4 5.6 3.0 
64.0 5s 3 a 
70.3 68 1.4 2.4 
4.0 26 a $ 25.0 
6.5 SO) 5.3 4.7 15.6 
6S. 2 2 2 
7 +) | 
66.5 3 l 
m7. 1 5 5 
12.95 6 01 15.6 
6. 7 O68. 3 0 


Iron Organic 
oxide carboxylic Miscellaneous constituents 
ind material 7 (percent 
ilumina 
80-90 dolomitic limestone 
0.0 synthetic detergent. 
29 sodium carbonate 
1.1 synthetic detergent 
W 
14 10 71 inert siliceous matter 
St} 
57 42 triethanolamine." 
72 11.9 boric oxide (B2QO 3). 
1.4 phenol. 








'! Based on results shown in tables 1-4 
4 Bused on weight of sample as received 


Approximate value obtained by the following empirical calculations 
TA 
lignosulfonate salt 


sulfonic acid+ecation equivalent of SO, in lignosulfonie acid 
4 Calculated as glucose, 


| ‘Total carbohydrates 


fits (TAPPI, T 629 m-53); lignin X1.154=lignosulfonie acid 


reducing sugars. 
6 May include such wood sugars as mannose, ¢g 
yctose. 


ucose, 





fr 
Ultraviolet Spectral Analysis 
Each material was analyzed by ultraviolet 


to if it be 
identified or characterized by its ultraviolet 


spectroscopy determine could 


absorption spectrum. The apparatus used for 
double 


an 


included a beam 


spect rophotometer, 


ultraviolet work 


quartz ultraviolet 


power supply unit, and a hydrogen discharge 


Measurements were 


lamp as a light source. 


se, Fal 


xyl 


7 Estimated by difference 


Methoxy1/0.128 
629 m-53); ligno- 


? Maximum The 


of high methoxy! contents 


possible 


Pra, 0 


empirical calculation gave unre isonably large 


* Derived from Kraft process. 


Established as sucrose by infrared 


values because 


spectral analysis. 


1! Probably alkyl aryl sulfonate salt 
2 Calculated from total nitrogen content 


ictose, arabinose and 


made in 1 em. matched silica rectangular 


cells. 


Procedure for lignosulfonates 


Special buffer. 
113 ml. of 0.1 
diluted to 2 liters. 


195 ml. of 0.2 N KH.PO, 
and N NaOH were mixed and 
Sample preparation.—0.5 g. of solid sample 
or exactly 1 ml. of liquid sample was dissolved 
and diluted with water to 100 ml. Insoluble 








Figure 2.—Typical ultraviolet 
spectra of lignosulfonates. 
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10 
ml. clear aliquot was diluted to 100 ml., and 


material was removed by centrifuging. A 


finally a 1 ml. aliquot of the latter was diluted 
10 ml. with the buffer 
concentration 0.005 
weight or 0.01 percent by volume in the case 


to exactly solution 


Final was percent by 
of the liquid samples. 

Measurements.— Absorbance for each mate- 
rial was measured at intervals between 220 and 


350 millimierons in 1 em. cells. 8 Readings 
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H-—M 


280 
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290 300 3 


Figure 3.—Ultraviolet spectrum of 
lignosulfonate from Kraft process. 
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were made at wavelength intervals of 5 to 10 
millimicrons, except where peaks appeared 
near 260 and 280 millimicrons. In these areas, 
readings were obtained at 0.5 to 1.0 milli- 
micron intervals. The sensitivity of the 
instrument was adjusted so as to maintain 
the smallest slit openings. The lamp housing 
was cooled with circulating tap water. 
Plotting.—-The readings were 
plotted against wavelength and the resultant 
spectral 


absorbance 


then drawn 
Absorbance is defined as logy I,/I 


curve was manually. 
, where I, 
equals incident radiant power, and I equals 


transmitted radiant power. 
Results of tests on lignosulfonates 


Figure 2 shows examples of typical ultra- 
violet spectra obtained on several lignosulfo- 
nate retarders. The shape of each curve was 
typical of all the other lignosulfonate retarders 
except one, retarder No. 22, which had been 
derived from the Kraft process. The spec- 
trum of sample No. 22, shown separately in 
figure 3, indicated a shoulder rather than a 
peak oceurred at 280 millimicrons. It thus 
appeared that lignosulfonates as a class could 
be identified from their characteristic ultra- 
In addition, the height of the 
peak (absorbance) at 280 millimicrons could 
be utilized for 


violet spectra. 


information. 
Figure 4 shows that lignosulfonate concentra- 


quantitative 


linear 
These 


tests confirm previous reports that lignosul- 


tion and absorbance values have a 


relationship in accord with Beer’s law. 
fonates may be analyzed quantitatively as 
well as qualitatively by ultraviolet spectro- 
photometry (4). 

Table 6 gives the ultraviolet spectral data 
for all the lignosulfonate retarders tested. It 
can be seen from this table that the peaks for 
each oceurred within a 


material narrow 


wavelength range. 
Results on the other chemical types 


None of the other types of retarders studied 


had a significant ultraviolet spectrum that 
was characteristic of the active constituent. 


Retarder No. 1 did 


spectrum 


have a characteristic 
which was produced by a minor 
constituent, phenol. 


raviolet 


Generally, however, ul- 


spectral analysis was not found 


suitable for identifying organie hydroxy- 


carboxylic acids or carbohydrates. 
Investigation of Visible Spectra 


The double beam quartz spectrophotometer 
With a tungsten lamp as a light source was 
d to investigate the visible spectra of the 
materials other than lignosulfonates. The 
ctral patterns obtained are shown in figure 
Mach spectrum is not sufficiently unique 
differentiate different retarder 
It was found that 
triethanolamine 


between 
es or specific retarders. 
} ‘nol, 
go ve spectra similar to those shown in figure 5 


1, consequently, 


sucrose, and even 

this approach was also 

suitable for identifying retarders. 
Infrared Spectra 

ufrared spectral curves were obtained for 

eh material by means of a double-beam 

*} ctrophotometer. The equipment used in- 


P 
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Figure 4.—Relation between concentration and absorbance for lignosulfonate retarder. 


cluded a Perkin-Elmer double-beam Infrared 
Spectrophotometer, Model 137 (Infracord 

with automatic recording and a sodium chloride 
prism for operation between 2.5 and 15 microns 
Scanning time was approximately 12 minutes. 
An evacuable die was used to prepare samples 


by the potassium bromide disk technique 
Procedure 


The pressed disk technique was considered 
most suitable for the retarders studied because 
of the relative insolubility of these materials 
in appropriate organic solvents used in solu- 
tion techniques. The mull method was dis- 
carded because of the effects of the mulling 
agent and the limited quantitative application 
of this method. 

In the pressed disk method, solid samples 
were ground to a fine powder with mortar 
and pestle and then vacuum dried at 50° C 
for at least 24 hours. Liquid samples were 
evaporated to dryness at a low temperature, 
ground, and dried under the same conditions 
Approximately 1 mg. of sample and 0.35 g. of 


Table 6.—Ultraviolet spectral 


potassium bromide (anhydrous spectroscopic 
grade, 200/325 mesh) were weighed into a 
special stainless steel capsule. Two stainless 
steel balls were added and the contents mixed 
for 30 seconds by an electric amalgamator. 
The powder was transferred to the evacu- 
able die 
the assembly was evacuated to an absolude. 
Vac- 


uum Was maintained for 5 minutes prior to 


(shown disassembled in figure 6), and 
pressure of less than 1 em. of mercury. 


pressing as well as during pressing. A 1,000- 


pound load was applied for 1-2 


20,000) pound 


minutes 
followed by a lond for 395 
minutes. The potassium bromide disk was 
then removed and analyzed in the infrared 
spectrophotometer. The disk measured 13 
millimeters in diameter and was approximately 
one millimeter thick and is shown in figure 7 

A few of the dried retarder samples were 
tacky or viscous. These were slurried with 
aleohol, mixed with potassium bromide, vac- 
uum dried, and then reground and pressed 
into disks 


data for lignosulfonate retarders 





I iy COT \l 
Retarder N centrat 
percer 
W 
A} 

2 00 Yee 0 0) 
3 OOS 2:15 
7 O05 280) 
10 OOS s() 
11 O65 m3 () 
12 OOs Js). ( 
13 OOS 279. 0 
14 O05 De) 
15 OS 7s 
1H O05 281 
17 OOF 280 
 . OOS 281.0 
| OOS P80. 0 
?0 5 ()] 279. 0 
21 Ol 2s. 0 
22 OOF 6 7 
23 O05 Omi), ( 
24 O05 m4 () 
25 ‘ 005 ON | 
Median 4 2X0). 0 





s tral peaks ? Relative concentration 
of lignosulfonate, 
percent by weight? 

Minimum 
Wavelength Based on Based on 
bane¢ milli Absorbance original dry solids 
microns material 

151 260.5 0. 121 2.0 2.0 

157 262. 5 306 60.9 65. 3 

5sy 259. 5 451 78.5 82. 2 

) 260.0 410 77.6 SI.S 

362 250. 0 225 1S. 3 51.5 

174 261.0 395 63. 2 

S28 262.0 292 43.7 

138 261. 0 , 208 5s. 4 

442 262.0 . 390 58.9 

10S MO. 5 2S1 54.4 

02 10.0 ~359 66.9 72.4 

303 260. 5 . 272 52.4 OL 5 

100 260. 0 278 53.3 56.3 

333 262. 5 284 19. 1 61.6 

200) 260. 5 248 16,8 5b. 6 

618 8 267.5 oll $2.4 90.1 

160) 260. 5 3M4 613 66. 1 

$8] 262. 5 297 HOLS 52.9 

44] 261.0 . 308 58.8 62.9 

260.5 os ‘ 











In0.2N KHePO¢-0.1N NadOll buffer 
i em. cell 

Derived from the Kraft proce 

4 Retarder No. 22 not included 


> 


> Percentage by volume (original material was liquid). 
6 No sharp maximum and minimum, but rather a shoulder. 


Jalculated from absorbance at maximum peak. Relative 


to retarder No. 2 which was assumed to be 2 percent, 
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Figure 5.—Visible spectra of retarders containing organic acids or carbohydrates. 


Results of infrared analyses 


Figures 8 through 12 illustrate typical infra- 
red spectra of the different retarders. Hach 
retarder gave a characteristic spectrum which 
could be used both to identify the material 
and establish the concentration of major active 
Constituents. In general, lignosulfonate re- 
had the 


regardless of 


tarders sume characteristic spectra 
sodium, 


Nevertheless, 


tain lignosulfonates Containing carbonates ot 


the type of salt) (e., 


calcium, or ammonium) cer- 


other major modifiers, as well as a lignosulfo- 
nate derived from the Kraft process, could be 
easily distinguished by their unique spectra. 

Figure 8 shows the type of spectra obtained 
for the The 
top spectrum (A), retarder No. 12, illustrates 
the typical spectrum of lignosulfonates derived 
The 


wavelengt hs 


lignosulfonate type retarders 


from the sulfite liquor or acid process 
different 
in the lignosulfonate speetrum are 


characteristic peaks at 
produced 
by the following chemical groupings present: 





“so ~ 


Figure 6.—Evacuable die disassembled. 


132 


1. Intense peaks at 2.9 and 9.6 
hydroxyl (OIL) groups. 

2. Moderate peak at 54 
carbon-hydrogen stretching bonds 


microns: 


microns: usual 


, 


3. Strong peaks at 6.25 and 6.62 microns: 
carbon-carbon bonds (phenyl ring 
1. Weak peaks at 6.9 
probably sulfur-oxygen bond (sulfone group 
5. Broad 


sulfonate group. 


and 7.3) microns: 


band at approximately 8.3) mi- 
CTONS:? 

Spectrum B, figure 8, is the curve for ligno- 
retarder No. 13. 
substantial amounts of sodium carbonate pro- 
duced 


the characteristic lignosulfonate spectra 


sulfonate The presence of 


strong bands which masked part. of 
The 
broad peaks at 7.0 and 11.5 are characteristic 
of the sodium 
9A which 


sodium 


carbonate present (see figure 
illustrates the infrared pattern. of 
carbonate). If desired, the sodium 


carbonate interference may be removed by 
neutralization with hydrochloric acid, followed 


by an aleohol extraction of the sodium chlo- 





<< ie 








Figure 7.—Potassium bromide disk and disk 
holder. 


ride thus formed. The lignosulfonate is insol- 


uble in aleohol and should then give a good 
characteristic spectrum. 
Curve C 


nate (No. 22) obtained from the Kraft proces 


in figure 8 represents a lignosulfo- 
for making paper. Although the curve shows 
the major peaks of a typical lignosulfonate, 
several additional characteristics help iden- 
tify this material. For instance, at 8.3 > mi- 
¢crons (sulfonate group) absorption was at a 
greater intensity, and at 8.8 and 10.2 microns 
peaks were produced, probably by inorganic 
sulfate. Another this 
was the weak absorption peak at 


characterization — of 
material 
12.7 microns. 

The last 
S are of 


two spectra, D and Kk, in figur 
(No. 2 


Curve DD was 


the same sample whic 


contained a lignosulfonate. 


obtained on the. original sample, and it is 


A 


WAVELENGTH MICRON 


Figure 8.—Typical infrared spectra of ligno- 
sulfonate retarders. 
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that 
characteristic 


apparent it does not clearly show the 
This 


was caused by the presence of a large quan- 


lignosulfonate pattern. 
tity of dolomitic limestone which produced an 
When this con- 
stituent was removed by centrifuging an aque- 
the 

was 


intense spectrum of its own. 


ous suspension, characteristic 


of 
curve E. 


spectrum 
shown in 
useful that it 
supplied ample evidence of the presence of 


lignosulfonate evident 


as 
Spectrum D is in 
lolomitie limestone in the original material. 
The peak at 
clum carbonate (limestone), while the smaller 
peak at 
mite. 


14 microns was unique for cal- 
13.7 microns was unique for dolo- 
From the relative intensities of these 
two peaks it was estimated that the ratio of 
dolomite to limestone was approximately 1:4. 
the 
several carbonate materials, namely, sodium 


Figure 9 shows spectra obtained on 
carbonate, calcium carbonate, and dolomite. 
Spectra Bo and C illustrate the characteristic 
peaks for limestone and dolomite discussed 
ibove. 

10 illustrates the infrared 


patterns which may be used to identify differ- 


Figure unique 


nt hydroxy-carboxvlic acid salts. It is quite 


apparent that these curves are distinetly dif- 


ferent from the lignosulfonate pattern as well 
as from each other. Speetrum <A (retarder 
No. 8) shows the masking effect of a large 
imount of siliceous matter and iron oxide 
present in the material. To eliminate this 
nterference, an aqueous suspension of the 
retarder was centrifuged to remove insoluble 
siliceous material and iron oxide. The re- 


ining material then gave a distinetive infra- 


red pattern ot orgamie material as seen in 
spectrum B. The following chemical groups 
accounted for the more significant peaks in 
spectrum B: (1) Hydroxyl—intense peak at 


3.1 microns; (2 ig 


carbon-hy droge mn stre tehit 


minor peak at 3.4 microns; (3) carboxyl and 
carboxyl salt—intense peaks at 6.3, 9.1, and 
9.6 microns; and (4) overtones of the carbon- 


linkages accounted for the other 


peaks from 7.3 to 8.3 


hvdrogen 
microns 

The spectrum of a triethanolamine salt of 
a hydroxy-carboxylie acid is shown in spec- 
trum C, figure 10. Although the major peaks 
of hydroxyl, carbon-hydrogen, and carboxylic 
groups were evident, this spectrum had. suf- 
ficiently unique features to clearly identify the 
retarder. 
peak at 


For instance, there was a prominent 
10.9 


caused Dv a 
carbon-nitrogen bond, and the usual hydroxyl 


microns, probably 
peak at 3.0 microns was accentuated by the 
presence of nitrogen-hydrogen groups in this 
material, 


Figure 11 shows the spectra of still another 
organic acid retarder (No. 6). Curve A shows 
the spectrum of the original material, whereas 


Curve B was obtained after zine 


Zine 


and borates 
removed 


were was removed bv two 
batchwise treatments with a eation exchange 
resin, 200-400 mesh hydrogen-form (Amber- 
lite IR—-120 or Dowex—50) followed by vacuum 
distillation with methyl aleohol to remove 
the boron as volatile methyl borate 10 


Spectrum B shows many of the us 
acid ind is 


distinctive to be used to identifv this m 


ial peaks of a 


hy droxy-carboxy lic sufficient ly 
ite rial 


The prominent peak at 5.6 microns was wm 














| 
A. 
8 oe beaters, _ gee m4 oe 
4 ‘ ~ 
| 
60}-+W \ lA r 
| 
4 |} 40} 
| = y 
y 
\ ic is | | 
U | 
ae io a = a Gisela —— 
| |__ le é, 
SV \ | 
Af “i =f | 
| 4 \ 
30} + Fd V ] 40} : 
\ 
} } 
ALCIUM CARBON | } 
| | 
‘a - . —— - m = = — ———e 
Ee 
| ae V ae e 2 Sm = RO} 
b / , { 
| 
a nit a oe \/ | } J 
Pi | Vv j : ' 
\ V + } = 4 | + - 
ee | 
\ } 3 
\ ( MIT : 
I , : | 
| VBS § 8 | 
eS es ae re j hk. he 
3 o 2 6 4 8 9 10 2 3 + - 


WAVELENGTH MICRONS 


Figure 9.—Infrared spectra of related inorganic carbonates. 
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Figure 


doubtedly caused by a lactone formation. 
Spectrum C in the same figure is that of a tech- 
nical grade of gluconic acid which showed «a 
striking resemblance to sample No. 6 (spec- 
trum B 

The infrared spectrum of the carbohydrate 
Spectrum A 


retarder No. 1) presents a pattern that was 


retarder is illustrated in figure 12. 


quite unique and therefore useful for identifi- 
cation. A comparison of this spectrum with 
the speetrum of sucrose or cane sugar (curve 
B) clearly demonstrates that retarder No. 1 
Is essentially sucrose, 

Although no effort was made in this report 
to use the infrared spectra for quantitative 
the 


easily 


analysis of materials, such techniques 


could be 
such 


applied. For solid samples, 


as potassium bromide pellets, the base- 
line technique is most appropriate and has 
been well described. Generally, this technique 
involves the measurement of the depth of a 
single significant peak, compared to a reference 
base line. 


Uniformity of trade products 


The ability of infrared analysis to “finger- 
print’’ or measure the uniformity of different 
batches of specific proprietory products is 

I4. Figure 18 
shows the spectra of four different lots of a 
soHd sold 


trade name. Each material had been obtained 


illustrated by figures 13> and 


lignosulfonate retarder under one 
from a supplier by different State highway de- 
partments at different times ranging from 1954 
13A) 1958 131). 


shape of the spectra are the same, with signifi- 


fig. to (fig. The general 
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10.—Infrared spectra of organic acid retarders. 
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Figure 11 (to the left).—Infrared spectra 
of complexed organic acid retarder and 
gluconic acid. 


provide a basis for obtaining the necessary 
that the would be 
from batech-to-batch, it is 
to the 


assurance composition 


uniform note 


worthy compare various methods of 
analyses, 

Infrared spectral analyses offers the most 
promising and rapid means of clearly identi- 
fying and = classifying retarder materials 
This technique, by obtaining recorded spectra! 
curves, 


“fingerprints” the unique and _ dis- 


for 


carbohydrates and organic 


tinetive characteristics each = retarder 
Thus, hydroxy- 
carboxylic acids were easily identified due to 
their distinctive spectral patterns.  Ligno- 
sulfonates likewise had unique characteristic: 
which 
the 


supply. 


made identification easy, regardless of 
salt the 
Further, spectral difference caused 


type or present or source ol 
by the manufacturing process or the presenc 
of other ingredients aided in the identificatior 


and determination. 


Infrared analyses can also be used ti 
assure the purchaser that the nature and 
concentration of each lot of retarder fo: 


specific field projects has not been materially 
altered that of the material 
The time required for the analysis is only 20 


from original 
to 30 minutes as compared to a week or mort 
by conventional methods of chemical analysis 

Ultraviolet techniques were also found to 
be of value in identifying lignosulfonates and 
in establishing the concentration of the major 























active ingredient. However, specific com- 
20 | mereial lignosulfonates were not as easily 
differentiated by ultraviolet spectra as com- 
GLUCONIC ACID, TECHNICAL Se rae ial = : 
pared to their infrared spectra. Ultraviolet 
O as well as visible spectral analyses were not 
4 ; 7 8 9 10 i 2 14 IS ; a ; 
3 ° © . monons found suitable for identifying other types of 
"= | 
WAVELENG C retarders, 
cant peaks occurring at the same wavelengths 100 
in each lot. , This definitely established that in > A 
each case the materials were chemically the 80) } 4 
same. By analyzing the peak intensities at a 
é WW \ 
selected wavelengths and knowing the conecen- a / \ 
tration of sample used in the infrared analysis, 4 20 j | | | | 
ao ne : o Nn al\ 
any material differences in composition of the 2 | I\/) \ / 
retarder from bateh-to-batch could be demon- = 40 bf 4} t : | ; 
strated. Here, the compositions were shown a \ 
° ° ° . \ 
to be fairly uniform, thus establishing that no = | P —_ 
° ° one . 4 —+ } + 
material alteration or differences existed be- = 20 | \ | by 
tween the lots submitted. x \ Net SURE Tee 
= 
Figure 14 shows the spectra for an organic O 
acid retarder, specifically, a hydroxy-carbox- 
vlie acid salt in liquid form. Here again, each 100 
sample was obtained under the same trade S ' B 
name by different State highway departments 3 60 } . 4 
at different times ranging from 1956 (fig. 14A) = _ e a ‘a 
—_ . "1 . P ‘ 99 P | ) \ | 
to 1958 (fig. 14D). The “fingerprinting” abil- a Lay" \n | | NV . 
itv of infrared analysis once again determined u 60 ‘ , VV] \ ay 
the nature and concentration of the ingredi- S | | 
ents. The uniformity of the spectra shows = 46 wh tint 4 
that each lot was substantially the same. oe ) | J 
: s i Te 
. , 2 20 \ \{V 
Comparison of Methods of Analyses q V 
o SUCROSE, U.S.P 
Since the major objective of this study was “i O 
to develop procedures by which the com- 3 “ 3 6 t 8 3 10 i 12 13 14 1S 
position of commercial retarders could be WAVELENGTH — MICRONS 


readily identified and determined so as to 
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Figure 12.—Infrared spectra of carbohydrate retarder and sucrose. 
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Figure 13.—Infrared spectra of four different lots of a lignosulfonate 
retarder obtained from one manufacturer. 


The 


amounts 


of the 
constituents 


determination 

of 
most conveniently and precisely determined 
byy 


quantitative 


inorganic can be 
How- 
ever, while useful, the conventional procedures 


conventional chemical methods. 
were tedious and time-consuming, and often 
Vielded empirical doubtful 
certain organie constituents. 
be 


results for 
This was found 
particularly true among the lignosul- 


or 


fonate and organie acid retarders. 
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Water-Reducing Retarders for Concrete— 
~ Physical Tests 


BY THE DIVISION OF PHYSIC 


BUREAU OF PUBLIC ROADS 


ea Usk OF CHEMICALS for delaying 
the initial setting time of portland cement 
conerete is not new. The effects of sugar and 
other retarders on conerete have been known 
for many vears. In 1945, it was reported that 


a retardant admixture had been used during 


1942 to 


construction of conerete ships (] 


concrete for the 
The ad- 


mixture was used in non-air entrained concrete 


1045 in lightweight 


to reduce the amount of mixing water, or to 


increase slump and to prevent the early 
stiffening and formation of ‘‘cold joints.’ 
Since that time there have been many 


articles written discussing the use of retardants 


in concrete for prestressed beams or piles and 


bridge structures and relating valuable test 
data (2, 

Several Federal agencies have been using 
temporary or interim specifications for re- 
tarders The Bureau of Reelamation sug 


gested a specification in 1954 and the Bureau 
of Public Roads proposed a specification for 
certain local usage in 1956 which was revised in 
1958. These specifications were based mainly 
on field experiences with retarders from two 
limited 


The need for a specifica- 


manufacturers, and on a amount of 
laboratory test data 

tion for commercially available retarders has 
become greater since the possible benefits of 


retarders have been recognized more fully 


Concrete Materials Used 
The classification of the 25 retarders tested 
and their general 
table tl. The 


marketer and 


show n in 
the 
the 


properties are 
information by 
the 


bases for the classification. 


supplied 
Bureau 


tests by were 
four 


all 


The chemical 


A blend of equal parts by weight of 


brands of type T cement was used for 
concretes in this investigation. 
composition and physieal properties of cach 
blend are shown in table 2. 
lot) of each of the 


were stored in sealed 55-gallon steel 


brand and of the 
About 32 


cements 


bags (one four 
drums until used, and three lots of each of the 
four cements were used altogether during the 
investigation 

The air 


aqueous solution of neutralized Vinsol resin. 


entraining admixture used was an 


The solution contained 15 percent of solids 


ee 


' Presented at the 40th Annual 
Board, Was! D.C 


numbers in parentheses refer to a list of references 


Meeting of the Highway 
Researe! . January 1961 


Itealic 
nm page 154 
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{Lh RESEARCH 


Reported ' by 


WILLIAM E. GRIEB, GEORGE WERNER, and 


105° ©C 
Vinsol 


when calculated as a residue dried at 
and the ratio of sodium hydroxide to 
resin was | to 6.4 parts by weight 

having a fineness 
bulk dry 


‘reent, and 


A natural siliceous sand 
modulus of 2.90, a specifie gravity 
of 2.65, and an absorption of 0.4 px 
a crushed limestone of 11-inch maximum size, 
bulk drv) of 2.75 


having a specifie gravity 


and an absorption of 0.4 percent, were used 


When 


batch of concrete were weighed, the 


as aggregates. the aggregates for a 


sand con- 
tained free water but the stone is weighed 
in a saturated surface-dry conditior 

rete 


Three mixes of air-entrained cons with 


air contents of 5 to 6 percent al ada slump of 


2 to 3 inches were used in the study Mix 
No. 1, the reference mix without retarder, and 


DONALD O. WOOLF, 
Highway Research Engineers 


cement contents of 6 bags per cubie vard of 
Mix No. 3, test 
retarder, had cement 


concrete. also a mix with 


contents which varied 
from 5.25 to 5.75 bags per cubie yard and thi 
approximately the 
No. l 


mix No. 2 was reduced 


water-cement ratio 
that of 


The water content of 


Was 


same as the reference mix 


below that of the reference mix but sufficient 


aggregates were added to compensate for the 


reduced volume \ summary of the mix pro- 


portions is given in table 3. 


A sufficient amount of retarder was used ir 


the tests of mix No 2 at Vo KF. TO CAUSE A delay 
in setting time of 2 to 3 hours bevond the 


The 


desired re- 


setting time of the reference minx. correct 


amount of each retarder for the 


tardation was predetermined by trial mixes 














mix No. 2 a test mix with retarder, had The same amount of retarder, in ounces pel 
Table 1.—Properties of retarders 
\ t Retar onstituent 
wofr rder I Phi Recor Volatile 
ence t ID organ 
n fa soli material 
ters 
Lienosulfonates O-z.'} pz t O7z./ha Oz tha 
Powde ; 32.3 3.3 
Ammonium salts lt 3S 2 3.0 1.0 
3. Ae | | 
Powder 8 1 3.7 2.8 
e ‘ts 19 do 10 } 3.8 2.8 
; do s } 3.7 2.6 
2 che , Ss 4 5.4 3.4 
{ Powce s.0 4 4 14.34 1) 
| d $.8- 7 11 3.7 3.1 
! | 4.0 15 4.5 mae 
i - 4 3.8 $0 
{ 7 Hs 1.4 2.3 
Caleinum salts 14 ( 3 } a) 1.7 1.0) 
‘ 1 ( ts { 3.8 
‘ lo t O- 5.0 } Ra 3.4 
| Liqui 0 / 3 2. ¢ 
2 te oe | 0 3.2 2. 
24 Powcds 12.0 ¢ 9.2 1 
| , } 4 ( or} 3. | 
Organic 
| t Liqu 2.0- 4.0 5 1.2 SS 
Metal salts s Powder &.0-16.0 12.4) 11.9 1.2 
| , Liquid 2.0- 4.0 2.8 1 77 
lriethanolamine salt Liquid 2.7- 7.1 } 2.1 2. 1 | 
Zine borate complex do i } 1.3 4] | 
Carbohydrates: Sucrose l Liquid 1.0- 4.0 4 43 
Amount of retarder necessary to retard set of concrete from 214 to 3 hours as deter i by Proctor penetration test 
500 p.s.i 
Additional chemical constituents report n footnotes 
Determined by drying at 110° ¢ 
4 Determined by ignition, 
Over 10 percent carbohydrate 
Over 5 percent re ducing sugar 
7 Derived from Kraft process 
* Contained less than 5 percent calcium l 
Contained calcium ehloride 
Contained foaming agent 
Contained less than 10 percent of € organic constituent. Remainder is iron oxide and siliceous material 
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Table 2.—Chemical composition and 


physical properties of portland cement perature of 73° F. and 50 percent relative 














humidity. 
Determination Cement A | Cement B | Cement C Cement D Blend Specimens for strength or durability tests 
were 6- by 12-inch eyvlinders and 6- by 6- by 
Chemical composition (percent 21-inch or 3- by 4- by 16-inch beams. These 

Silicon dioxide 1.4 21.4 21.9 21.4 l.¢ . ore : 
Aluminum oxide 5.9 1. t 5.4 were molded (except for vibrated specimens) 
Ferrie oxide 8 y 2.3 2.4 2.4 . . 

Calcium oxide 63.4 62 66. 1 65.2 64.3 in accordance with standard AASILO methods. 
Magnesium oxid« 2.1 x 1,2 2.2 Specimens for strength tests were removed 
Sulfur trioxide 1.8 2.4 l 1.9 2 é é 

from the steel molds at 20 to 24 hours. Small 

Loss on ignition. L7 1.2 1.4 , > . 

Sodium oxide 0) 02 { 18 beams for volume change and freezing and 
Potassium oxide 82 , 14 7 9 thawit rer ir 
: Zs hawing were removed from the steel molds 
Equivalent alkalies as Na,O 74 93 il tit HS ; : nold 
Chloroform-soluble organic substances O16 QOS O04 7 OU at 44 to 48 hours. 

Free lime 97 bn) 97 tit 44 . ‘ . 4 

Computed compound composition (percent): For a st udy of delayed Vibration, 6- by 12- 
rricalecium silicate 3 47 is ‘ ) a inch eyvlinders and 6- by 6- by 21-inch beams 
Dicalcium silicate 26 2t 20 s 23 . : 

Tricalecium aluminate _-- 11 10 1 10 10 were molded by the standard procedure and 
Tetracalcium aluminoferrite 8.5 6.7 7.0 7.3 7.4 ; Me 4 . . 

Calcium sulfate 3.05 108 2.9 2 1 later vibrated for 30 seconds using an internal 

Merriman sugar test Stas . P a 5. : ‘ 
2 : spud vibrator of I'<-inech diameter wi i 
Neutra! point, ml 7.6 94 93 9 ‘| xg 1) ‘ th i 
Clear point, ml 8.8 2.8 2.6 | 2.8 4.2 frequency of 7,000 impulses per minute. 
Physical properties ou; ieee? 

“Apparent specific gravity 3.12 3.13 3.14 14 $12 Phe original program required that the 
Specific surface (permeability), em.2/g 3, 375 4) 3,110 3, 14 , specimens be vibrated when the sereened 
Autoclave expansion, percent_. OF 1 4 t 4 : ? 

Normal consistency, percent 25.3 24.3 24.4 24.1 24 mortar showed a Proctor penetration ® load 
lime of setting (Gillmore test of 800 vai whisk was 4 aatimanalo Ss 

Initial, hours 2.9 2.8 3.4 4.0) 2.3 JUU YP.-S..., nen as approximateiy oOo 
n | urs (9 | 6 “ao 7 5 : . “a . 
_Final, hour , - S hours after mixing for unretarded concrete 

Compressive strength “ 

At 3 days, p.s.i 2, 50) 2, MK = 2,610 2, AM and 7'5 to & hours for the retarded concretes. 
At 7 days, p-.s.i 4, 165 $, 450 3, 228 4,175 s4 : ‘ 
At 28 days, p.s.i 5 690 4, 568 SF 5, 5 One However, the prescribed time intervals 

Tensile strength » t ] ae ea i1Xes 1s » 

ea ange pa 40 191 m0 ” proved too long as the mixes beeame too 
\t 7 days, p.s.i 400) SUF 305 13 t tiff for vibration. Pherefore, the time 
At 28 days, p.s.i 170) WE 175 it 1s , ‘ , = 

Mortar air content, percent 8.0 Ks 7 7.8 S| intervals were reduced to 3 hours after mixing 

for the nonretarded concrete and 5': hours for 

All determinations except the Merriman sugar test were made in accordance with current AASHO t! I the retarded conerete. A small amount of 

rtlind cement : 5 
rests made on blend of equal parts by weight of all four cement conerete was removed from. each specimen 


bag of cement, Was used in mix No. 3. Addi- 
tional tests of some retarders were made using 
four times the amount of the retarder used in 


mixes Nos. 2 and 3. 


Mixing, Fabrication, and Curing of 
Specimens 


Mixing was done in an open-pan type Lan- 
aster mixer with a rated capacity of 134 cubie 
feet. Most batches were from 1's to 2 cubie 
feet in volume. The mixing evcle Was as 
follows: The blend of four cements and the 
moist fine aggregate were mixed for 30 seconds: 
water was added and the mortar was mixed 
for] minute. After the addition of the coarse 
iggregate the conerete was mixed for 2 
ninutes. Following a rest period of 2 > min- 
ites, the conerete Was mixed for 1 more 
minute. This 2-minute rest period and the 
dditional minute of mixing is standard labora- 
ory procedure for the Bureau of Publie Roads. 
Retarder in powder form was added with 
he cement and sand, but a liquid retardant 
dmixture was added with part of the mixing 
vater.  Vinsol resin solution was added with 
irt of the mixing water, but was not mixed 
ith the liquid retarder until cach was placed 
the mixer. 
Consideration was given to adding the solu- 
e powdered admixtures in an aqueous solu- 
yn. Although the soluble powders could 
ive been prepared in a stock solution or 
spension, it was believed that during the 
riod of months required for the program, 
aporation or chemical changes of the solu- 
m of the retarder due to exposure to light 
ght result. An attempt was made to dis- 
lve In water the weighed amount of lignosul- 
nate powder required for a single batch of 
nerete but difficulty was experienced with 


FUBLIC ROADS e Vol. 31, No. 6 


just prior to vibration and it was replaced as 


some powders 1p obtaining a unifor solution the vibration was completed. No additional 
or suspension Therefore, the procedure of concrete was added to compensate for the 
adding the powdered admixture with the decrease in volume. 
cement and wet sand was used It was be- All specimens for standard strength tests 
lieved that a uniform distribution of the were cured under wet burlap while in the 
powdered admixture in the conerete was molds in the mixing room. After removal 
obtained from the molds they were cured in moist air 
A control or reference mix (No. 1) was made it 73° F. and 100 percent relative humidity 
on each mixing day together with the retarder until thev were tested. Small beams for 
mixes (Nos. 2 and 3 Due to time and mold volume change and freezing and thawing 
limitations only one control THis iil d two were cured in the molds for 14 to 48 hours 
retarder test mixes were made on each mixing under wet burlap in the moist room. One- 
day for each of three to five different retarders. — third of the beams for volume change was cured 
Two rounds of specimens for retardation tests continuously in the moist room, one-third 
and five rounds for strength tests were made — were removed from the moist room at 2 days 
but each round did not necessarily include the and stored in laboratory air at 73° F. and 
same retarders as in the preceding round. 50 percent relative humidity, and one-third 
Concrete used for slump and unit weight were cured 14 days in the moist room and 


tests was returned to the mixer and remixed —— 

for 15 seconds before molding specimens for 4 method of testing for rate of hardening of mortars 
sieved from concrete mixtures by Proctor penetration 
resistance needles in accordance with ASTM Met!od 
C 403-57 T Chis method is referred to as the Proctor 
conditions were mixed and molded in a tem- penetration method 


strength tests Concrete used in the air meter 


was discarded. Specimens made at standard 


Table 3.—Summary of concrete mix proportions 





Mix No. 32 
Properties of concrete Mix No. 1 |Mix No. 2 
Group A Group B Group C 
Mix: 
Cement, pounds 4 4 94 O4 | 4 
Sand, pounds 190 193 205 215 230) 
Limestone, pounds 310 314 330 $45 360 
Cement, bags per cubie yard 6.0 6.0 5.75 5. 50 5. 25 
Water, gallons per bag 5.8 5. 1-5. 7 5.8 5.8 5.8 
Water-cement ratio, by volum« 77 68—. 76 77 77 77 
Slump, inches 215 214 24 214 214 
Air, percent 5.5 5.5 5.5 5.5 5.5 
Retarder, amount used None 3) 3) (3) 











1 Mix No. 2 had same cement content as Mix No. ] 
2 Mix No. 3 had same water-cement ratio (+0.2 gal/bag) as Mix No. 1. Group A—cement content reduced 0.25 bag 
per cubie yard for retarders that reduced water for Mix No. 2 by up to 5 percent. Group B—cement content reduced 0.50 
bag per cubic yard for retarders that reduced water for Mix No. 2 by 5 to 10 percent. Group C—cement content reduced 
0.75 bag per cubie yard for retarders that reduced water for Mix No. 2 by 10 percent or more 
lo give 2'4 to 3 hours retardation 
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stored in 


then 


Beams for 
freezing and thawing, after removal from the 
molds at 


laboratory air. 


14 to 48 hours, were cured in the 
then cured in 
and 50 
relative humidity for 7 days and then were 
completely 


moist room for 12 more days, 
laboratory air at 73° F. percent 


immersed in water for 7 days 
prior to freezing. 

When strength specimens were made under 
nonstandard atmospheric conditions, the lab- 
air temperature was 90° F. and the 
relative humidity was 20 to 25 percent. All 
were at 90° F, After 
20 to 24 hours curing under wet burlap at 


oratory 


materials when used, 
this temperature, the specimens were removed 
from the molds and stored in the moist room 
at 73° F. and 100 percent relative humidity 
until tested. 
Testing Procedures 

Tests on the plastic concrete for slump, 
unit weight, and air content 
with 


were made in 


AASHO standard 
determination of the = air 


accordance 
The 
made with a water-type pressure meter that 


AASHO 


methods. 
content was 
is similar to the meter described in 
Method T 152. 

Determination of the retardation of the set 
of conerete was made by the Proctor pene- 
tration method and by the bond pin pullout 
method.! 


with a hydraulic indicating dial and the pin 


The Proctor penetration apparatus 


pullout device are shown in figures 1 and 2. 
Both apparatus 
Bureau of Public Roads. 

The 


method 


were constructed by the 


mortar for the Proctor penetration 
was obtained by 


No. 4 
and the 


sieving the plastic 
The 


was 


concrete on a sieve, sieve was 


vibrated concrete moved over 


the sieve by hand or by use of a small trowel. 


4 Measuring the rate of hardening of concrete by bond pullout 
pins, by T. M. Kelly and D. FE. Bryant, ASTM Proceed 
ings, vol. 57, 19457, pp. 1020-1042 This method is referred 


to as the pin pullout method 


Figure 1.—Proctor penetration device. 
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Two 6- by 6-inch watertight steel cylinder 
filled with 


immediately covered with glass plates. 


molds were mortar, and were 
Water 
was pipetted from the mortar as it collected 
on the surface. 

Concrete for the pin pullout test was vi- 
brated around the pins in a 6- by 6- by 24-inch 
mold using a laboratory internal vibrator, and 
was screeded on the surface by a steel straight 
edge. The specimens were covered with wet 
burlap which was removed only while a pin 
was pulled from the conerete. No two con- 
secutively pulled pins were adjacent to each 
other. 

Typical curves for retardation of mixes Nos. 
1 and 2 by the Proctor penetration and pin 
pullout methods are shown in figure 3. 

Two series of tests were made to determine 
the temperature rise of concrete prepared with 
retarders. In the first series of tests, 6- by 6- 
inch cardboard eylinder molds were filled with 
sereened mortar from concrete that was mixed 
at 90° F. 
glass plate and heavy grease and stored in 
a curing cabinet at 90° F. 


The specimens were then sealed by a 


In the second series, 
6- by 12-inch cardboard cylinder molds were 
filled with conerete made at 73° F., sealed with 
a glass plate and heavy grease, and placed in 
can 11 and 15 


Expanded mica was placed 


a metal inches in diameter 
inches in height. 
around all surfaces of the evlinder mold and 
on the glass plate, and the cans were stored in 
laboratory air maintained at a temperature of 
ve FB. 


per-constantan thermocouple at its symmetri- 


ach evlinder was molded with a cop- 


cal center and the temperatures were recorded 
on an eight-point potentiometer. The amount 
of each retarder used was that amount neces- 
7 


WwW 


sary for 2's to 3 hours retardation at 73° or 


90° F. 
All evlinders for compressive strength tests 
were capped on both ends with high-alumina 


cement after removal from the molds, and at 








least 48 hours prior to testing. 
within 0.001 inch of planeness. 


All caps were 
The evlinders 
were loaded at a rate of 35 p.s.i. per second. 

Beams for flexural strength were tested in 
accordance with AASHO method T 97. When 
bearings on beams did not meet the require- 
ments for planeness, they were ground with a 
power driven carborundum wheel. 

Beams measuring 3 by 4 by 16 inches were 
tested for resistance to freezing and thawing in 
accordance with the standard method of fast 
freezing and AASHO 
method T 161. 


Measurements for volume change of 3- by 


thawing in water, 


t- by 16-inch beams were made on a horizontal 
comparator with a micrometer dial reading to 
0.0001 inch at 1 end and a micrometer barrel 
reading to 0.0001 inch at the other end. 
were molded with stainless steel studs in the 
with the 4-inch axis in a 
vertical position during the curing and drying 
period. 


Beams 


ends and stored 


Tests for static modulus of elasticity were 
made on 6- by 12-inch cylinders at 7 and 28 
days by an autographie stress-strain recorder 
with a 6-inch gage length. These tests were 
paralleled by sonic modulus of elasticity tests 
on 6- by 6- by 21-inch beams which were made 
from the same batch of conerete as the evlin- 
ders. 

Density and absorption tests were made on 
2 disks, each 1 inch in thickness, which were 
cut from the top, middle, and bottom of the 6- 
by 12-inch concrete cylinders. The evlinders 
The 


disks were cut by a diamond wheel at an age of 


were molded from mixes Nos. 1 and 2. 


28 days from moist-cured evlinders and were 
weighed in air and under water. They were 
then dried to constant weight 
190-200° F. 


One procedure in the mixing and testing of 


in a foreed air 
oven at 


the plastic concrete and the testing of hard- 
ened concrete should be emphasized. 


very 





Figure 2.—Pin pullout device. 
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NO RETARDER —|____ RETARDER FOR 2t-3 HOUR | come ( ndueted eee ce cian condi 
| RETARDATION (PROCTOR) tions, the test was intended to permit com- 


parisons of the rates of hardening of different 





concretes. The comparison of typical retar- 





4000 | 9 dation values for the Proetor penetration and 


pin pullout tests, shown in figure 3, indicated 


that a 500 p.s.i. penetration corresponds to a 
pin pullout load of 2', to 234 p.s.i. However 


’ 


the ranges of values shown in figure 4 indicated 





3,000 that for the coneretes used in these tests,’ 


the Proctor penetration test with either of the 
loads used appeared to be more suitable 
for measuring setting time and retardation 
than the pin pullout test. The wide range of 
values for the pin pullout test and lack of a 
definite central point indicated that the test 
result probably was affected by uncontrolled 
variables to a greater extent than the Proctor 
2 penetration test. 


2,000 








PIN PULL-OUT LOAD-P.S 





000 


PROCTOR PENETRATION LOAD- P.S.| 


_ im Effect of Retarders in Concrete 


Table 5 shows the amount of Vinsol resin 














fe) solution (air entraining agent) used in con- 
eretes for mixes Nos. 2 and 3 for strength 


HOURS 
Figure 3.—Typical curve for Proctor penetration and pin pullout tests for retardation time 


on concrete, 


tests at 73° F. and the resulting water and 
air contents of the econerete. (The retarders 


generally were given their identification 


test made on plastie or hardened conerete in- retardation. These 4 were retarders Nos, 2, 9 !umbers in ascending order of the reduetion in 
cluded specimens from mix No. 1, the reference 6, 22, and 28. Except for sample No. 6, these water requirements for mix No, 2. The 
mix without retarder. retarders were lignosulfonates exception is retarder No. 12 which is slightly 

The 500 p.s.i. penetration pressure of the out of place in the table.) The detailed data 


Discussion of Test Results Proctor test is believed to indieate the for the reference mix (No. 1) are not tabulated 


= : initial setting of the mortar use At the for results on each retarded conerete mix, but 
The test data results are shown in tables : ig of the mortar used. At th 


9 : ‘ a ; - initial setting, however, the mortar could sti the average values for all reference mixes are 
1-13, and in figures 4-12. The effeet of eae could still 


° e. . mr ° ° 
, be remolded without injury to its strength givengin a footnotc. The values given in 
retarders on the eoncrete are discussed in ora es oe ar ; ee . 
: : eee 3 When determinations were made using a table 5 are averages of five rounds of tests. 
terms of the main objectives of the study, 5 an ‘ ; . 
i . Safe penetration pressure of 4,000 p.s.i., a condition Phe reduction in water content shown for 
which were to determine the effeet of the i en eat a 
: ' : ; at or near the final setting of the mortar was ™ix No. 2 is the difference betwee: the amount 
retarder on: (1) retardation of setting time, : S . RoE : ; i 
9 . oo: 2 indicated. Attempts to rework the mortar at Of water used for mix No, ' and mix No, 2 
(2) water content anu alr-entrainment, (0) d ; ‘4 
its x that time resulted in its disruptiot In the made on the same day. + tis is shown as a 
strength, (4) durabilitv, and (5) volume 


: ee en , = i f ater used for 
as ¢ in pullout test. no attempt was made to  pereentage of the amoylt of water used for 
change. Additional tests, such as the effect / : ; 'P ae : 

. . : define or ‘termine the setting time of the Continued on page 142 
of overdosage of retarders, retardation and ree lies 1e of the nued on page 14 
strength at elevated temperature, modulus Table 4.—Retardation time for concrete mix No. 2 at 73° F.! 


of elasticity, delayed vibration, density and 




















absorption, and temperature rise, are also Proctor penetration Pin pull 
‘ Amount test,’ retardation at out test, 
discussed. Retarder N etardet Air? Slump retardation 
used ib S p.s.i.4 
“7 ° ryye SOO p.s.i4 4,000 p.s.i.4 
Effect of Admixtures on Time of B me 
Retardation O-z./bag Percent Inches Hr. Min Hr. Min. | Hr. Min 
1 1.1 5.0) 2. 2:50 2:45 2:40 
hh ° 9 14 F 1) 9 F D-5 ). pus 
The amount of each retarder and the : 2 re: ge o stg nae 
resulting retardation, as measured by the 4 3.0) 3.4 3.2 2:30 2:30 2:55 
; * ¥ 7 ) 1.0) 5.4 3. 1 2:40 2:20 1:25 
Proctor penetration test at 500 p.s.i. or 4,000 
* * . 6 $f a es 2:7) 9-15 2:30 
p.s.l. penetration pressure, or by the pin ~ _ as 97 2:45 41) 2.0) 
pullout test at 8 p.s.i. are shown in table 4. 8 12.0) 6.3 3.2 2:50 3:00) 2:25 
a ' . y os “60 pa es | | 2°35 2:3 
Kach value is the average of 2 tests that were 10 39 69 2 6 2:30) 45 2:9) 
ale 9 dave ee oe (ete 78 enna 
made on 2 days. Retardation is the differences "1 vid 5 4 S60 9-50 9-30 sa 
in setting time between that for the reference os 4.0) 9. 2 3.0) 2:50 2:50) 2205 
: 7 e f : ig j 3.0 9< 2:30 2:15 
mix (No. 1) and that for the concrete with the 14 ) 1.3 3.3 2:40 2:45 2:41) 
retarder (mix No. 2)... Recommendations for sah a0 2:35 3:00 1:55 
the amount of retarder to be used were fur- = 1.8 6.2 3.0) 2:0) 2:35 1:50 
é S : 7 3.2 3 2.6 2:50 3:00 2-H) 
nished by the manufacturers of 22 of the Is 4.0) 0 2.8 2-2) 2-00 1:00 
° . . : At) 1 () 5.5 9 » 4 9-()5 
retarders included in these tests. For 13 %) Y) 5) rep =o . 4 aa 
retarders, the amount reeommended was 
3 , : : ae 21 6.4 3.5 2:30 2:40) 2-10) 
found to give the desired retardation of 21's to 22 10) 10.0 6 9:30) 2°30) 1:50 
‘ ’ ) . 23 6.4 7.0 3.0 2 2:40 
3 hours. For two retarders, 80 percent of the 34 a 4 =a 2 “ 2 - 40 
recommended amount was found to be 25 1.0 7.0 2.8 2:35 2:35 1:30 
sufficient, and for three other retarders, 120 
°- . 1 Each value is an average of 2 tests 1 le on different days 
to 125 percent of the recommended amount . Saints a. d sinha srican afraine rac oor hcl sspaetee ee ; 
was needed. For the other 4 retarders, 150 ae = cya = p.s.l . dicates the vibration limit of the concrete; sgt — p.s.i. ae co -agdoncgncc" te. Re- 
i irdatvion Is the delay in time of Nardet of the concrete containing the retarders as compared with non-retarded concrete 
to 500 pereent of the reeommended amount made on the same day 
; c sa ° ae 4 Time for nonretarded cor I Proctor penetration load of 500 p.s.i. is 5 hrs. 10 min. (+20 min.); Proctor pen- 
was required to obtain an effective amount of etration load of 4,000 p.s.i. is 7 hrs. 85 min. (430 n ; pin pullout load of 8 p.s.i. is 6 hrs. 40 min, (+20 min 
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STATE LEGAL MAXIMUM LIMITS OF MOTOR VEHICLE SIZES A 





Prepared by the Bureau of | 




























































































administratively authorized. 


regulation: 


A. Front axle load of 8,000 pounds. 
B. Maximum practical wheelbase within applicable length limits: 





(1) Mini 


'! Buses 102 inches. 





front 

(2) In the cose ofa 4-oxle truck-tractor semitrailer, rear overhang computed as necessary to distribute the maximum 

possible uniform load on the maximum permitted length of semitrailer to the single drive-axle of the tractor and to the tandem 

axles of the semitrailer, within the permitted load limits of each. 
(3) In the case of a combination having 5 or more axles, minimum possible combined front and rear overhang as- 

sumed to be 5 feet, with maximum practical load on moximum permitted length of semitrailer, subject to control of loading on axle 

groups and on tote! wheelbase as applicable. 

C. Including statutory enforcement tolerances os applicable. 

* Auto transports 13 feet 6 inches. 

7 Does not apply to combinations of adjocent load-carrying single oxles. 

* 56,000 pounds on load-carrying axles, exclusive of steering-oxle load. 

°On specific routes in urban or suburban service under special permit from P.U.C. 40 feet, also 3-axle buses with turning 

redivs less than 45 feet without restriction. 

'° Effective September 18, 1959 on Interstate, 4-lane, and designated State highways. 


thang of 3 feet. 


'20n designated highways; 12 feet 6 inches on other highways. 
*3 Legal limit 60,000 pounds, axle spacing 27 feet or more. 




















2 Various exceptions for utility vehicles and loads, house trailers and mobile homes. 

3 When not specified, limited to number possible in practical combinations within permitted length limits; various exceptions 
for farm tractors, mobile homes,etc. 

* Legally specified or established by administrative regulation. 

5 Computed under the following conditions to permit comparison on a uniform basis between States with different types of 


' Verious exceptions for farm and construction equipment; public utility vehicles; house trailers; urban, suburban, and school 
buses; haulage of agricultural and forest products; at wheels of vehicles; for safety accessories, on designated highways, and as 


























'S Truck 39.55 feet; bus 45.20 feet. 
663.280 pounds maximum, except on roads under Rural Roads Atthority 
17790 (L+40) when L is 18° of less; 800 (L +40) when L is greottr thon 


with span of 20’ or over. 


{ 


ublic 


ae Length—feet? 4 ; : Number of towed units * —_ Axle lood—pounds oot Gross wei be lin it 
Single unit nmi T at Single i Tendon 
w : ruc mi- E ~ 
Line Ste Boron’ — ‘ = one Other ia Full eet Including , Including | " ; ae | Formula 
aad ruck aided. combi pa Seaiber and full Statutory statutory Statutory statutory ype of restriction val 
cretion nation inatios limit enforcement limit enforcement | equation 
| tolerance | | tolerance 
4 ee _ L —— — _ ~ — —— 5 _ - + 
1 | Aloboma %| °12-6 35 “0 50 | NP | 1 NP NP 18,000 000 | 19, 800 | 36, 000 39, 600 | Table 
2 | Aleske 96 12-6 35 19 40 60 | 60) 1 1 2 18, 000 32, 000 | | Table-tire cap. 
3 | Arizona %| 13-6 wo 40 65 65 | 1 1 2 18, 000 | | 32, 000 | Table 
4 | Arkanses %| 13-6 35 40 50 50 | 1 1 NP 18,000 | 18, 500 | 32, 000 | 32, 500 | Spec. maximum ® 
5 | California %| 13-6 35| 35 60 _65| NR NR NR | 18,000 | = “[Toble _ 
6 | Colerade 19g) 1213-6 35 40 60 60 1 2 2 18, 000 | 36, 000 | | Formula-spec. limits 800 (L 
7 | Connecticut 12} 12-6 50 50 50 NP 1 NP NP 22, 400 | 22, 848 36,000 36, 720 | Spec. lim.-tire cap. | 
8 | Delaware %| °12-6 40 42 50 60 1 1 2 20, 000 | 36, 000 ‘able-spec. limits !3 
9 | District of Columbia a 12-6 35 35 50 80 1 1 NP 22, 000 | 38, 000 | Table | 
— --+- — $$ —___——_—_—_—__4— ——- — + —— ai Le A: cae a - — — ? 
10 | Fleride %| °12-6 14 35 “0 50 50 1 1 NP 20, 000 | 22,000 | 40, 000 44,000 | Table 
11 | Georgie %| 13-6) 'S+39] 15 +45 50 50 1 1 NP 18, 000 20, 340 36, 000 40, 680 | Spec. maximum! ¢ 
12 | Howell 108| 13-0 “0 “0 55 65 1 1 2 24, 000 32, 000 | Formule! 7 
13 | Idohe 1896 140 35 90 60 65 1 1 2} 2°18 000 | 2°32 000 | Table?° 
oe ee a | ree eee! So 
14 | IMlinois %| 136 2 42 50 50 1 1 2| 2118, 000 32,000 | Spec. lim.-tire cap. 
15 | Indiene oe 13-6 % «0 50 Et) 1 1 2} 7318000 2319,000  7332,000/ 2333, 000 | Spec. lim.-tire cap. 
16 |towa %| 13-6 35 190 50 NP 1 24) NP 18, 000 18, 540 | 32, 000 32, 960 | Table 
17 | Kansas |} 13-6 35 19 © 50 _ 9 1 1| NP 18, 000 ; 2,00; | Table pore & —_ 
18 | Kentucky | 2513-6 26 35 26 35 27 59 NP 1 NP NP 18,000} 2218, 900 32,000 |  7® 33,600 | Spec. lim.-tire cop.? 
19 | Lovisiens %| 13-6 35 19 0 i) 60 1 1 NP 18, 000 32, 000 | Axle lim.-tire cop. 
20 | Maine 9% | °° 12-6 50 50 50 D 1 1 NP| 3°22 000 30 32, 000 | Table-tire cap. 
21 | Marytend 96 f° 12-6 55 55 55 55 NR NR NR 22, 400 | 40, 000 | Formule 850 (L 
Beside : ee, —+}———— a) eas 
22 | Masscchusetts % NR 35 19 40 31 50 NP 1 NP NP 22, 400 36, | | Table-spec. limits 1/000 (L 
23 | Michigan % 13-6 35 40 55 55 1 1 2 33 18, 000 3432, 000 Axle lim.-tire cap. 
24 | Minnesete 96| 13-6 40 40 50 50 1 1 NP 18, 000 32,0 | Table 
25 | Mississippi % | °12-6 35 40 36 50 50 1 1 NP 18, 000 28,650| °° 32, 000| Table-tire © cap. 
ee ee 2 Ee ' eS | t ——--4- --—---— i + = 
Missouri | 12-6 35 40 50 50 1 1 2 18, 000 32, 000 Tle 
a no 1896 13-6 35 40 60 60 1 1 372 18, 000 | 32, 000 | Table 
28 | Nebraske %6 13-6 40 40 60 60 1 1 2 18, 000 18, 900) 32, 000 33, 600| Table 
29 | Nevade % NR NR Me NR NR NR NY NR 18, 000 18, 900 32, 000 33, 600| Table 
——E | 4 — = canine — whi 
30 | New Hampshire %| 13-6 35| 540 50 50 NR HR NR 22, 400 36, 000 | Tables-spec. limits 
31 | New Jersey 9% | 13-6 35| 3935 50 40 50 1 1 NP 22, 400 23, 520) 32, 000 33, 600| Spec. limits 
32 | New Mexice % 13-6 40 65 65 1 1 2 21,600 4,320, | Table 
33 | New York 96} 13-0 35| 4235 50 50 1 1 NP 22, 400 | 36, 000 | Formula 34000 +8 
—_—_—__— —--——-4 — -—---+4+— + + — He _ — —_+_—__—— + - 
34] North Carolina 96| °12-6 35| 1940 43 50 4355 1 1 NP 18, 000) 19, 000 36, 000/ 38, 000 foun. limits 
35| North Dekote | 13-6) '*35| 1940 60 60 1 1 2 18, 000 | 32, 000 | Formula 650 4750 (L 
36 | Ohic | 13-6 35 19 40 50 60 1 Ne NR 19, 000 31, 500 | Formula 34,000 +9 
37| Oklchome %| 13-6 35 45 50 50 , -1{ NPL 18,000) _ | 32,000) z. Table 
37 96 | 45 13-6 35 3540] 46.35 55 35 65 1 1| 352 18, 000 | | *? 32,000 |Tebles® 
38 | Pennsylvenia 96| °12-6 35| '%40 50 40 50 1 1 NP 22, 400 23,072) 36,000 37, 080| Spec. limits *® | 
39 | Puerto Rico %6 12-6 35 35 50 50 1 1 NP NS | NS | Spec. lim.-tire cap.® 
= Rhode Islond 102| 12-6 40 40 50 50 1 1 NP | 22, 400 | NS | Spec. limits 
pas OH i oo i a oe -+-— -—— —— ———- + + - —— —+-- T — —_—___—__—_—_-—+— — 
42 | South Caroline 9%6| 136 1435) 1940 55 60 1 1 MP 20, 000 32, 000 Table 
43 | S-vth Dekote 96| 13-0 35 40 50 60 1 1| 2| 18, 000 32, 000 Table 
44 | 1e\nessee 96 | °12-6 35 40 50 50 1 sal, |) NP 18, 000 , 000 | Table 
45 | Texes 96| 13-6 35 40 50 50 1 1 NP | 18, 000 18, 900 32, 000 | 33, 600! Table 
—_—_—__—_—_— —_— = — — — — —>- —- _ oo — T ----—— — -_-—-—+> - + T + = —_ ——__ + — 
46 | Utch 96| 140 45 45 60 co) NR NR | NR 18, m4 33, 000 | Table 
47 | Vermont %6 12-6 50 50 50 50 | 1| 1] NP NS Spec. lim.-tire cap. 
48 | Virginio 96 | 12-6 35| 540 50 50 | 1| 1| NP 18, 000 57 32, 000 | Table 
49 | War'ington 9% | 13-6 35| '%40 60 58 65| 1 1 | 582 | 18,000) 5°18, 500 $2, 000 | 59 33, 000 Table-spec. lim59 
-—--——+ —~———}-—— -- - + + + — = — ———— + — 
50 | West Virginie 96 | °12-6 35| '940 50 50 1 V NP. 18, 000 | 18, 900 | 32, 000 | 33, 600 | Table 
51 | Wisconsin 9% | 136 35 40 50 50 1 1] NP | 18,000} °° 19,500} 30,400 | 32, 000 | Table formula®! 1000 (L 
52] Wyoming =“ ss | S| 13-G 40 40; 60) 60 ad 1| 2| 18,000) 32, 000 | 62 36,000| Table _t | 
AASHO Policy 96| 12-6 35| 1940 50 60 1 1 NP} 18, 000 | 32, 000 | | Teble | 1.025(L+24). 
Ee = ee ae ee ae = —e ——t - ae ———$$--__—_—>-—— 
Higher 3 33 7 28 18 9 5 24 ar 30 | || Formula 6 } 
Number of Stetes { Same 49 19 35 19 34 12 47 4l 28 21 | 21 | Table 32 | 
Lower 0 0 a 0 5 0 31 0 4 0 0} 1 | | Specified limits 14 
NP—Not permitted. NR—Not restricted. NS—Not specified. '4 Three-axle vehicles 40 feet. 


'8 Buses 102 inches on highways of surfaced width at least 20 fet or o 
19 Less than three axles 35 feet. 
20 Special limits for vehicles hauling timber and timber products, ores, ¢ 
including livestock; single axle 18,900 pounds, tandem axle 37,800 pounds, 
mitted 66,000 pounds maximum at 21-foot axle spacing, vehicle with 5 or m< 


foot axle spacing. 


21 On designated highways; 16,000 pounds on other highways. 
22 Without tandem axles 45,000 pounds. 
23On designated highways; single axle 22,400 pounds, tandem stle 36 | 
excesses of weight under one or more limitations of axle load and yoss we 
24 Limited to 4 wheel trailer towed by truck not exceeding five ts gros 
25 Class AA highways; 12 feet 6 inches on other highways 
26On designated highways; trucks 26.5 feet and buses 30 feet tothe: | 
27 Class AA highways; 45 feet onother highways. 
28Class AA highways only. 
29 Maximum gross weight on Class A highways 42,000 pounds; Clos: 
3° including lood 14 feet; various exceptions for vehicles havli4 fore: 
3! Effective September 21, 1959. 
32 Subject to axle and tabular limits. 
33 Single axle spaced less than 9 feet from nearest axle |i nited' 13, °( 


34On designated highways only and limited to one tandem axle it com 


35On designated highways only (by permit in Oregon). 
36 Auto transports permitted 50 feet 


37Semitroiler and semitrailer converted to full trailer by 
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$IZES AND WEIGHTS COMPARED WITH AASHO STANDARDS 



























































au of Public Roads, July 1, 1960 
weicht lim it en - ; | _ 
Applicable to: | 
Formula Any Total 
or group wheel 
equation of base 
oxles only 
a | xX 
| Under 18’ | Over 18’ 
| unger 18" | Over 18° 
| Under 18" | Over 18’ | 
800 o(L+4 +40) | | x 
x! 
x | | 
a cee + } 
| x 
x | 
X | 
x 
X | 
- -_———-——_—- ——+ t 
x | | 
wed (L 40) | x 
“Yoo (L +25) xX 
x 
x 
a caer 
x } | 
| Under 18° Over 18’ | 
x | | 
| Under 18° Over 18’ | 
3 Ex ase = 
| | Under 18’ Over 18° | 
34,000 + 850 L x 
| 650 4750 (L+40) | Under 18° | Over 18° 
34,000 +900L x 
Rian ae 
Under 18’ | Over 18° | 
| 
— cena gine T 
x | 
| kK 
} xX | 
x | 
Pace = 4 t 
Under 18° | Over 18° | 
| 
’ X | 
Under 18’ Over 18° | 
+ — —— | + 
| x 
1,000 (L +26) | x 
4 | x 
| 1.025(L+24) -3L2 | x 
Ree: boca a3 


Pry 


Roads abthority 56,000 pounds maximum. 


. is greottr thon 18’; 900 (L +40) on highways having no structures 
past 20 fet or otherwise as administratively authorized. 
products, es, concentrates, aggregates, and agricultural products 


vehicle with 3 or 4 axles per- 
icle with 5 or more axles permitted 79,000 pounds maximum at 43- 


2 37,800 pounds, gross weight table: 


hwoys. 


tondem otle 36.000 pounds; tolerance of 1,000 pounds on total of all 


ad and g®8s weight. 

ng five 188 gross weight. 
ays 

30 feet tothe highways. 


pounds; of Clas; 
es hauling fore: 


B highways 30,000 pounds. 


e |i mitedt 13,500 pounds. 
em axle Com: nation; otherwise 26,000 pounds. 


yO gons fa daily, 


~ 


products and construction materials. 

























































































Specified maximum gross weight—pounds* _ Practical maximum gross weight—pounds® 
Truck Truck-tractor semitrailer - Truck Truck-tractor semitrailer 
= | — pier Line 
| combi- co - 
2-axle 3-axle 3-axle 4-axle 5-axle hoe 2-axle 3-axle | 3-axle 4-oxle 5-axle tion 
—— arene sae | 4 See eee eee ee eee ee 
| } | 27 800 47,600 47,600 | 60,010 64,650 NP 
29,000 43,000 | 47,000 | 61,000 75,000 75,000 26,000 40,000 44,000 | 58,000 72,000 75,000 : 
| 26 000 40,000 44,000| 58,000 72,000 | 76,800 3 
| 26,500 | 40,500 45,000 | 59,000 65,000 65,000 4 
| | 26,000 | 40,000 44,000 | 58,000 72,000 76,000 5 
t + 4 — en ———- 
30,000 46,000 | | - me |  26,000/ 44,000} 44,000 62,000 76,000 76,000 6 
32,000 50,000 |  50,000| 60,000 60,000 | NP | 30,848 44,720|  51,000| 61,200 61,200 NP 7 
30,000 46,000 |  48,000| 60,000} 60,000; 60,000 28,000 48,000 | 48,000 __ 56,350 0,000 | 60,000 8 
| | | | 30,000} 46,000} + 52,000) **58,450| °*61,490 | °* 64,650 9 
+ + + + —_— — 
| 30,000 52,000 | 52,000 | 65,200 73,095 73,095 10 
| 63,280 28,340 48,680 | 48,680 63,280 63,280 63,280 W 
| | | 32,000 38,800 | 56,000} 64,000 ,000 | 80,000 12 
| } | 26,000 40,000 | 44,000 | 58,000 72,000 76,800 13 
+ + + + + ante mt 
36,000 | 22 41,000 | 45,000 | 59,000 | 72,000 | 72,000 26,000 | 40,000 | mT 58,000 72,000 72,000 14 
| 72,000 | 27,000} 41,000 45,000 | 59,000 2° 73,000 | 28 73,000 15 
26,540 40,960 | 45,080! 59,500 73,280 NP 16 
| 6,000 40,000 44, 000 | 55,470 63,890 63,890 v7 
: | | | { | a at. tll PII cd 
36,000 50,000 | 54,000 | 59,640 73,280 | NP | 26,900 41,600 | 45,800 59,640 73,280 NP 18 
26,000 40,000 44,000 | 58,000 | 72,000 76,000 19 
32,000 3° 50,000 | 50,000 | 60,000 60,000 | 60, 000 | 30,000 40,000 | 50,000 60,000 | 60,000 ,000 20 
65, 000 | 65,000 65,000 | 65, 000 | 30,400 48,000 52,800 | 65,000 | 65,000 65,000 21 
—i—_— ——__—_—+—__— —— — + — t _ + —_———+—_—__—_ t — 
32 46,000 32 60,000 32 60, 000 | 32 60,000 60,000 | NP 30,400 44, 000 | 52,800 | 60,000 ,000 22 
| | | 26,000 35 40,000 44,000 55 58,000 35 66,000 |°5 102,000 23 | 
| | | 26,000 40,000 44,000! 58,000 68,000 | 72,500; 24 | 
| | 26,000 | °5 40,000 44,000 59,000) *°64,650 | °° 64,650) 25 | 
+ + + + + — —+— ——— ——— T 7 
| 26,000 40,000 44,000 55,470 64,650 64,650 2% | 
| 26,000 40,000 44,000 } 58,000 72,000 6,000 27 
36,000 54,000 | 54,000 | 71,146 71,146 71,146 26,780 41,200 | 45,320 | 59,740 73,280 73,280 28 
| 26,900 41,600 45,800 | 60,500 75, 76,90 2 
— —__—t a . ——+ +—_—_ —_—_+ —__—__—_—_—+- — —f} 
33,400| 847,500) 52,8001 66,400 30,400 44,000 |  52,800| 66,400 66,40 | 66,400 30 | 
30,000 40,000 60,000 | 60,000 60,000 60,000 31,500 41,600 55,040 | 63,000 | 63,000 63,000 aC 
} 29,600 42,320 51,200 | 63,920 76,640 86,400 32 | 
| | 65,000 65,000 30,400 44,000 52,800 | 65,000 | 65,000 65,000 33 
——- ——+ + —_—_—_——————— + ——_— +—____—_—_—_——_-_+ — —+> ———+- T T 4 
31,500 46,200 | 46,200 | 65,100 65,100 | 65,100 27,000 46,000 46,000 | 65,100 | 65,100 65,100 34 
26,000 38,000 44,000 56,000 | 4464000 | 4464,000 35 
| 27,000 39,500 | 46,000 58,500 | 71,000 78,000 % 
| 26,000 40, 000 44,000 | 58,000 72,000 | 73,280 7 
+- + - +—_———__—— + + + ————+ $$} — — 
| | #8 74,000 | *® 76,000 26,000 40,000 44,000} 58,000; **72,000 | **76,000| 38 | 
33,000 | 47,000 | 50,000 60,000 60,000 62,000 31,072 45,080 51,500 | 61,800 | | 61,800 63,860 = 
| | 
5° 36,000 $1 M4, 000 | 52 50,000 '3 60,000 60,000 | 88,000 30,400 44,000 50,000 60, 000 As 60,000 88,000 41 | 
oe —_—— —_—_—_———- 7, - —+- + > — — +> — —- — | 
| 28,000 40,000 | 48,000 | 60,000 66,839 71,115 42 | 
| 26,000 40,000 | 44,000 | 58,000 | 2,000 | 73,280| 43 | 
| 26,000 40,000 44,000 58,000 | 61,580 43, 44 | 
| | 26,900 41,600 45, dil 60 ,500 | 75,200 75,600 45 | 
+ + > + + _ ~ + + - + — 1 
| | 26,000 | 41,000 | 44,000} 59,000 74,000 | 79,900; 4 | 
30,000) °° 50, 000 | 50, 000 | 56 60,000 3 60,000 sp 60,000 30,000 5 50, 000 | 50,000 60,000 60,000 60,000 47 | 
| | | 35 56800 | 35 56.800 26,000 40,000 | 44,000 56,800 56,800 | 56,806 3 
28,000 36, 000 | 46, i 60,000 | 68,000 72,000 26,000 | al | 44,000 60,000 68,000 72,000 4a 
t + + + + + —}— | 
26,900| 41,600 | 45,800 | 57,844 63,840 | 63,840, 50. 
27,500 | 40, 000 47,000 59, 500 73,000 73,000 51 
Bt | | | 26,000 44,000 | 44,000 62,000 73,950 | 52 | 
| | 26, 000 | 40,000 zs 44, 000 55,470 61,490 71,900 
T == 
| | | | 29 | 4a 42 %6 
| | | | 2 0 | 2 3 2 0 
| | 
| | | |} | es es 
38 Dual-drive axies; otherwise 40,000 pounds. 


39Or as prescribed by P.U.C. 
4° Exception for poles, pilings, structural units, etc 
| 41 On designated highways 102 inches. 
*2 Trackless trolleys and buses 7 passengers or more, P.S.C. certificate 40 feet. 
43 Including front and rear bumpers. 
** Approved equipment 73,280 pounds. 
*5 Certain types of vehicles and commodities under annual permits on designated highways up to 13 feet 6 inches 
*°60 feet allowed truck tractor semitrailer on major routes designated by permit. 
*7 Logging vehicles permitted 3-foot wheelbase tolerance, 19,000-pound single axle, 34,000-pound tandem axle. 
*8 Governs gross weight permitted on highways designated by resolution of State highway commission or by permit. 
*9Single unit truck with 4 axles permitted 60,000 pounds. 
5° axles spaced less than 6 feet 32,000 pounds; less than 12 feet 36,000 pounds; 12 feet or more gross weight governed by | 
axle limit. 
51 Single vehicle with 3 or more axles spaced less than 16 feet 40,000 pounds; less than 20 feet 44,000 pounds; 20 feet or | 
more governed by axle limit. 
52 Tractor semitrailer with 3 or more axles spaced less than 22 feet 46,000 pounds; not less than 27 feet 50,000 pounds. 
53 Limited to 3,500 pounds. 
54 Pavements only, maximum legal load for bridges 56,800 pounds. 
55On Interstate routes 40,000 pounds. 
56 Tandem axles on trailer equipped with adequate brakes. 
57 Vehicles registered before July 1, 1956, permitted limits in effect January 1, 1956, for life of vehicle. 
58 Three-unit combinations on designated highways. 
59Vehicles hauling logs permitted wheelbase and gross weight tolerances. 
cluded in computation of practical maximum gross weights. | 
6° axle load 21,000 pounds on 2-cxle trucks hauling peeled or unpeeled forest products cut crosswise. 
610m Class A and Class B highways. All axles of a vehicle or combination—73,000 nounds maximum. | 


, permitted 70 feet. 


Discretionary enforcement tolerances not in- 


52 Based on ruling of Attorney General. 
°3 Dimensional limits effective August 20, 1960; weight limits to be established by administrative regulations. 
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Figure 4.—Time distribution of retardation. 


(Continued from page | 


No. I: A this 
reduction in water content and the amount of 
mix No. 2 is 
that 
effective 


39) 


mix comparison between 


retarder used for shown in 


figure 5. It was noted some retarders 


were much more in permitting a 


reduction in the amount of water required to 
A 


parison between the amount of reduction in 


obtain conerete of a given slump. com- 


water and the amount of retarder used per bag 


the most effective and retarder No. 2 was the 
These the 
water required for mix No. 2 by 2.9 percent 


least effective. retarders reduced 


and 0.2 percent, respectively, per ounce of 


retarder used per bag of cement. The 
amount of volatile organic material used is 
shown in table 1 and figure 5. For the 


lignosulfonates this amount was between two 
and four ounces per bag except for retarders 
Nos. 2 and 24. Of the 9 most re- 


tarders with respect to reduction in water, all 


effective 


were lignosulfonates except for 1 organie acid. 
Water content 


The coneretes of mix No. 3 were prepared 
with cement contents reduced in accordance 
with the amount of reduction in water found 
possible for mix No. 2, the objective being to 
have the same water content in mix No. 3 as in 
mix No. 1. For retarders which permitted 
a reduction in water of 5 percent or less in 
the cement content for mix No. 3 
(This 

For 


mix No. 2, 
was reduced 0.25 bag per cubie yard. 

in table 3.) 
retarders which permitted a reduction of water 


is designated as group A 
of over 5 percent but less than 10 percent, the 

for mix No. 3 reduced 
0.5 bag per cubie vard (group B in table 3 


cement content Was 
For retarders permitting a reduction in water 
of 10 percent or more, the cement content was 
reduced 0.75 bag per cubie vard (group C 

found that, 
variables, it was not possible to prepare all 


It was due to uncontrollable 


concrete with these exact 
at the 


0.3 inches and use the same 


batches of cement 


contents, and same time maintain a 


slump of 2.8 
amount of water in mix No. 3 as was used in 
the reference mix. To hold the cement con- 


tent and slump as close as possible to the 


desired values, slight variations in the water 
content were permitted. For 18 of the 25 


retarders, the water contents were within 0.1 


gallon per bag of cement of the desired values, 


actual water content and the desired content 
differ by In 
of mix No. 3 
was considered to have the same water content 


more than 0.2 gallon per bag. 


view these small differences, 


as the reference mix. 


Air entraining agent 

The of Vinsol 
quired to entrain 5 to 6 percent air in the mix 
No. 2 concrete prepared with an organic acid 
retarder (Nos. 4, 5, 6, 
mately two-thirds of that used in the reference 


amount resin solution re- 


8, or 9) was approxi- 
mix. The water reduction caused by the five 
organic acid retarders varied from 5.3 to 6.6 
percent. The amount of air-entraining solu- 
the mix No. 3 with a 


decreased cement content of 14 to 34 of a bag 


tion used in concrete 
per cubic yard was approximately the same as 
the quantity needed for mix No. 2... Although 
experience has shown that the organic acid 
retarders Cause no air entrainment in concrete, 
these data indicate that they aid air entrain- 


ment and permit a moderate reduction in 
water content when used at the rate of 2.8 
to 12 ounces per bag of cement. 

The concrete prepared with each of the 
lignosulfonate retarders showed a wide range, 
2.8 to 11.8 percent, in water reduction. The 


reduction of 2.8 percent was obtained by use 
of a powdered lignosulfonate which contained 
Two 


5.2 


over 95 percent of an inorganic filler. 
of 


and 5.9 percent, respectively; 12 permitted 


lignosulfonates permitted reductions 
reductions of 7 to 10 percent; and 4 permitted 
reductions of 10 to 12 percent. It should be 
noted that in retarder samples Nos. 1 and 2, 
although the water reduction for concrete was 
lower than is usually specified, satisfactory 
retardation was obtained. 


Air content 


The effect of each of the 25 retarders on air 


content of conerete and the amount of air- 

















of cement showed that retarder No. 25 was and in only one case (sample No. 23) did the | entraining admixture used is shown in figure 6. 
Table 5.—Mix data for strength tests ! 
Mix No. 2—same cement content as mix No. 1 Mix No. 3—same water content as mix No. 1 
Water for 
Retarder No mix No. 1 
AERA Cement Slump Air Water Reduet AEA Cr it Slump Air Water 
vided In water 1dded 
Gal./bag ML.) Bags i Inche Percent Gal./bag Perce M.'ba B i Inches Percent Gal./baq 

1 5.7 17.1 6.0 2.9 5.0 5. 09 1.1 19.0 7 , Re | 5.6 5.80 
7a 16.2 6.0 2.6 p- » O1 » ee 18.0 7 2.9 5.6 5.93 
; 74 6.0 3.1 5.9 5.49 5.2 2 8 5.6 90) 
{ 5 sl 13.7 6.0 2.9 7 5. AO 5.2 14.5 4 a8 5.8 6.01 
5.74 11 6.0 : 5.5 5.41 r 12.3 2 7 = 8 5 RI 
‘ s7 15.1 oo 2.4 5.4 5. 53 s 16. 4 5 5 929 5.9 6.03 
Hh x 3 o.0 ay y.4 §. 42 y 9.2 5 5 2 6 . & 5 M4 
s 78 15.8 6.0 2. ¢ 5.5 5. 43 6.1 14.7 5. 6 2S 56 5 RS 
4 4] 14 6.0 9 9 5.2 5. §2 6.6 16.6 5 SF 2 6 5.7 6.04 
Ww sth a4 6.0 3.0 ». 4 5. 44 2 S. ¢ a) 2.7 l 5.76 
11 71 ; 0 7 7 29 7.4 Ea 2% 5 71 
12 “ ?. 6.0 2. f } 37 s.4 > 7 t) S7 
13 77 6 6.0 7 5.7 5. 30 8.1 1.3 2 6 i, wr 
14 5 2 60 2.60 a | 5.21 s. 1 2.8 2 7 5.8 ». 72 
15 5 6.0 3.0 6.8 5. 26 8.2 28 7.0 67 
It iyi 4 6.0 ’ 6.1 20 s.3 3d 2.8 8 74 
17 79 1S 6.0 s 5 . 31 8.3 11.3 yg 5 5 Si 
Is rw i] 60 7 “ OT go 1 4 4 5 7 = 75 
hy ». 74 7.2 6.0 5 7 D. 24 8.7 6.4 2.6 { 78 
0 5. SO 6. ( s ; 30 y, ¢ 1.8 2.6 ». 5 sl 
1 ». S4 1. ( 4 2 7 27 1S 2.0 2.6 5.7 72 
’ sO) 6.0 3, 10.0 5, 20 10.0 ? 3 1 10.0 F 2g 
"3 75 6.1 »¢ 5.8 5.15 10.4 ; 26 5 4 6.03 
24 7S 6.0 6 ’ 18 11.2 2 2.6 8 ». 86 
2 76 £ 6.0 2.8 7.6 5. OS 11.8 2 2 2 9.5 5. 72 

Each value is an average of five tests made on different days Amount of retarder used ml./bag; cement, 6.0 bags, cu. yd.; slump, 2.9 inches; air, 5.4 percent. 

is the same amount as shown in table 4 Average reduction in water-cement ratio as compared with that required for the reference 
Water content for mix No. Lis water used in reference mix is retarded mix made on the same da 


concrete mixes Average values for mix No. 1 are: air-ent 
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made on same day 
nt (AEA) added, 20 
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seven of the 19 lignosulfonate retarders, 
vithout the use of an air-entraining solution, 
entrained more than 5 percent of air in the 
concrete. Three of these retarders caused air 
content of about 6 percent, while the maxi- 
mum air content, 10 percent calculated 
gravimetrically, was obtained for the 
containing retarder No. 22. 

The amount of air entraining 

ded with the other 12 


fonates to entrain 5 to 6 percent air in con- 


conerete 


solution 
each of lignosul- 
crete mix No. 2 varied from about '% to 1s of 
the quantity used in the reference mix, except 
in the case of retarder No. 2. 
the small 
fonate in this retarder probably accounted for 


The powdered 
extender and amount of lignosul- 
the larger quantity of air-entraining solution 
required, 

tetarder No. 1, sucrose of the carbohydrate 
group, caused a small reduction (1.1 percent) 
in water content and required almost as much 
air-entraining solution as the reference mix. 


Effect of Admixtures on Strength of 
Concrete 
Compressive strength test results 
The 


tests on conerete containing the 25 retarders 
are given in table 6. 


15 


results of the compressive strength 


Shown are the averages 


of five compressive strength tests for mixes 
Nos. 2 and 3 on 6- by 12-inch evlinders made 


on different days and tested at 3, 7, 28, and 
365 days, and the ratios of these stre 
the 
retarder (mix No. 1) 
the 


ngths to 


average strengths of concrete without 
made and tested on the 
same day as concrete containing the 
retarder. 

Average values for the compressive strength 
of all coneretes prepared with and without 
the The 


curves with a 


retarders are shown in figure 7. 
that both mix No. 2, 
reduced water content, and mix No. 3, 


a reduced 


show 
with 
cement furnished higher 
uverage compressive strengths at all ag 
the retarders, 
This increase in compressive strength might 


content, 


's than 


Was obtained without use of 


be considered a secondary benefit obtained 


by the use of retarders, but it was a real 


and definite improvement in the character- 
istics of concrete. 

As shown in table 6, all retarders except 
Nos. 22 and 25 furnished concrete of equal or 
higher strength at all ages than was obtained 
Retarder No. 22 


caused the entrainment of an excessive amount 


in the nonretarded concrete. 


of air, and the strength suffered accordingly 
Retarder No. 25 gave good results when used 
in mix No. reduced 


2 with a water 


However, when used in mix No 


content. 


3 where the 


cement content was reduced, the concrete con- 
taining this retarder had lower strengths at all 
than the Retarder 
No, 25 also caused the entrainment of an exces- 
sive amount of airin mix No. 3. Study of the 
strengths obtained at all ages failed to show 
that 


ages reference 


eonerete, 


any type of retarder gave better results 


than any other type. 


Flexural strength test results 


The results of the flexural strength tests for 
mixes Nos. 2 and 3 are This 


table gives the average of five tests on the 6- 


given in table 7. 


different 
days and tested at ages of 7 and 28 days. 


by 6- by 21-inch beams made on 
The ratios of these strengths to the strengths 
of conerete without retarder (mix No. 1) made 
and tested on the same day as the conerete 
containing the retarders are also given. 

For some reason 


which was not apparent, 


the use of retarders failed to improve the 


flexural strength of conerete to the same 
extent as was found for the compressive 
strength. In the compression tests, the 
average strength of the reference mix concrete 
was 5,040 p.s.i. at an age of 28 davs. The 
average strength of mix No. 2 retarded con- 
crete was 115 percent of this, and that for 


mix No. 3 was 104 percent. In the tests for 


flexural strength, the reference concrete had 
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Figure 5.—Amount of retarder used and effect on water content. 
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Figure 6.—Effect of retarder on air content of mix No. 2. 


an average strength of 740 p.s.i. after 28 days, 
2 and 3 of retarded conecretes had 
of 104 97 percent, 
respectively, of the reference mix strength. 
lt the 
the values of mixes Nos. 2 and 3 for compres- 


and mixes 


average strengths and 


will be noted, however, that ratio of 
sive strength, 115 against 104, was practically 
the the 
strength, against 97. 
be that the 
sets of strength tests were valid and that the 


same ratio of values for flexural 


as 
104 


assumed 


Consequently . 


can results of the two 


a retarder furnished conerete of lower 


than 


use of 


relative flexural strength compressive 
strength. 
Studies of the different groups of retarders 


show that coneretes prepared with the calcium 


strength than those prepared with the carbo- 
hydrate, the ammonium and sodium ligno- 
sulfonates, and the organie acids. No explan- 
ation can be given for this, nor for the behavior 
of concrete prepared with retarder No. 22. 
In the compression tests, concrete containing 
this had the 
likely due to the large amount of air entrained. 


retarder lowest strength, most 
In the flexural tests, this conerete had strengths 
lower than those of the reference conerete but 
with to the other retarded concretes, 


It 


appears probable that in the acceptance test- 


respect 


the strengths were reduced but. slightly. 


ing of retarders, 
to the 


assume that 


consideration should be given 
of 
all retarders of 


behavior individual retarders and 


not 


given type 


In figure 8, 


retarders 


average values of the effect of 
the flexural of 
shown. These taken 
two sets of specimens. 
of? 
6- by 21-inch beams and the 


all 


concrete 


strength 
data are 
The 


7 and 28 days were made on 6- by 


on 
are 
from tests at 


ages 


results obtained 


are shown in table 7. When these results 
were studied, it was observed that at an age 
of 28 davs the average strength for the 


reference mix was greater than that 
No. 3, and was approaching the 
mix No Pe 


for THIN 
strength for 


A determination of the relative 


strengths of these coneretes at greater ages 
was believed desirable. 
As no other beams of 6- by 6-ineh eros 


section were available, plans were made te 














lignosulfonate retarder had lower flexural — will affeet concrete in the same manner test for flexural strength by using the 3- by 
Table 6.—Compressive strength tests ! 
Compressive strength for mix No. 2 CC ressive strength for mix No. 32 
Retarder No 3 day 7 days 2s lays 1] veur 3 days 7 days 28 days l ye 

I RK I Ratio P R p I Rat I Ra l Ratic P.s.i Ratio P Ratic 
1 2,910 126 4,210 11S 700 1] 6, SHO 114 700 117 5, WHO 111 150) 110 6, 510 107 
” 2 Glo 123 4. USO 110 5. 370 10S 6, 520 104 620 111 s S40 106 5, OYO 102 6.070 102 
4 2.910 12 3. 400 116 5, 240 110 6, 400 113 2 430 1Os 4 460 LOO 5030 106 6.050 107 
{ 2 O30 vt 4,430 125 5. 400 120 6. S40 117 > 410 103 3, 971 112 5. 1S0 105 6. ISO 105 
5 3, 200) 142 +, 000 124 6. O40 120 7.080 115 2. 920) 119 4, 120 lll 5, ASO 110 6, 590 108 
“ 2410 1H 4, 200) 124 5.610 11S 6, 740 11s 2. 480 107 , SOU 110 5. 160 10a 6. 130 107 
7 2. 030 1 1310 118 5, 720 114 6, S40 115 > ASO 10S , TOO 104 5, 420 108 6, 500 109 
‘ 3,070 127 4, 370 123 5, S40 114 7, 200 110 2, 640 109 3, SOO) 107 5, 370 105 6, 520 107 
u 3. 000 130 4. 400 124 A S30 116 7.070 117 HOO 110 3.810 107 5. 470 109 6, 420 106 
Ww 3, OOO 124 4,340 121 5, 700 116 7.000 116 > GSO 111 $020 112 5, 3490 108 6, O40 108 
| 3, 340 140 4,610 127 6, 130 120 7,420 12 910 122 4. | l14 iS() 108 6, 620 111 
12 3, 200 132 +, 500 12s 5.910 122 7, 290 123 >, 530 103 3, 92 110 200 100 6, 4600 Loy 

18 3, 280 133 1,500 124 5,870 115 7, 240 119 2,770 112 3, SSU) 105 . 350 104 6, 570 10S | 
4 ” O40 123 1. 330 110 5. 800 117 7, 230 120 2 500 105 3.410 107 5, 330 106) 6, 300 104 
1S 3.000 120 4 370 118 5.610 110 7,020 113 » FAQ) 102 3. 440 107 5, 120 10] 6, 430 104 
16 3, 240 13th 1,570 125 6, 100 121 7, 120 11S », 740 11 4, 100 112 5, 480 100 6, 5YO 10g 
7 $150 128 4, 430 12 5 O00 15 7. 220 119 > 520 102 3. SOU 107 », 2SO 1038 6.410 106) 
1s 4,270 131 $500 120 5 MAO) 112 7.050 113 SAU) 116 $4,050 10S », 420 104 6, 470 104 
WwW 4, USO) 133 4, 400 124 5, G00 117 7.310 121 > 710 110 $900 107 . 400 107 6, 490 107 
20 3, 240) 138 4, 620 131 6, 110 122 7,470 123 S30 121 4,110 117 , 620 113 6, 430 115 
21 40) 13 41. 440 12 S34 116 7.340 12 TSO) 11 4, O40 ae 550 110 6, 750 111 
») > HW) ay 3. 300 43 4,520 i] 5. RO “4 1, 830 7u 2 70 Fw 3. 440 7 4.740 bet) 
oy 4,200 139 4.500 120 5 O40 12 7.410 123 2 540 10S 3. w20 109 5, 180 105 6, 360 105 
4 $470 163 1. S80 130 6.030 121 7.400 125 140 136 $010 114 5, 280 106 6,470 108 
or O40 120 1160 11S 420 110 6, 760 1] 140 94 3, BSC) 3 4,460 a0 5, 390 Gg? 
Each value is the average of five tests f Y nt \ Amount etarce I epr s rat XI n percent) of the strength of concrete with retat 

used is the same amount as WI 4 tot t gt the cone! V1 retal r made on the same day, 
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- by 16-inch beams which were used for 7000 at 











- 
‘ference purposes in volume change tests. | | 
hese beams, representing mixes Nos. | and 2 | 
nlv, had been kept continously in moist | | 
orage. When the volume change tests were 
completed, these beams were stored in water | | mat 
for 2 weeks and tested for flexural strength at 6,000 (ff | <a 
age of 15 months. The results obtained , 
re included in table 7 and figure 8. 
At an age of 15 months, the flexural strength 





of nonretarded concrete was the same as that 
of retarded concrete of reduced water content. 5000 MIX NO rn 
. T (REDUCED WATER) 





\t greater ages, the equality in flexural 
strength of nonretarded concrete and retarded 
conerete of reduced water content might be 


MIX NO. 3 
maintained. 


} a (REDUCED CEMENT) 
4,000 VA | 


i | 
MIX NO.| (NO RETARDER) 


Modulus of elasticity 





The results of tests for modulus of elasticity 
for coneretes prepared with each of the 25 
retarders are not shown in this report since 





significant differences were not generally 
obtained. However, the average values 








COMPRESSIVE STRENGTH-PS.|! 





























recorded for all concretes are of interest. 3,000 M 
For the reference mix, the sonie modulus 
recorded at 7 davs was 5.4 million p.s.i., and a 
it 28 days, 5.9 million p.s.i. For mix No. 2, | 
the sonic modulus was 5.8 million p.s.i. at | 
7 days and 6.2 million p.s.i. at 28 davs. For 00 + 
nix No. 3, the sonie modulus was 5.7 million a | 
p.s.l. at 7 days and 6.1 million at 28 days | 
The statie modulus was somewhat lower for | 
the three concrete mixes. At 7 davs, it was | 
».0 million p.s.i. for the reference mix, 5.4 
s million for a No. 2, and 5.0 million for mix 1000 a =: 
No. 3. At 28 days, the static moduli for the 
three mixes were 5.6 million p s.i., 6.0 million, | 
nd 5.7 million, respectively. 
| The sonie moduli for the retarded conecretes 
were from 3 to 6 percent higher than those for O . 
~ } the nonretarded concrete. The static moduli O 3 7 28 365 
of the retarded coneretes were from 1 to 8 AGE-DAYS (LOG. SCALE) 
percent higher than those for the nonretarded " a ee : : : 
sicieseihens: teil: las exciteieins ails aad tas Figure 7.—The influence of retarders on compressive strength of concrete; average values 
all retarded conecretes was 7 percent less than for all retarders. 
average of the sonic values. fonates) the same amount of retarder was re- For a penetration load of 4,000 p.S.1. this re- 
In general, the use of retarders did not quired for both temperatures. The increase tarder retarded the mortar over 4 hours. 
aifeet adversely the modulus of elasticity of — in amount used for the 19 retarders varied Tests of the concrete specimens at an age of 
concrete unless an excessive amount of air was — from 105 percent for sample No. 3, to 175 3 days indicated a satisfactory strength. 
entrained. Retarder No. 22, which caused percent for sample No. 6 With respeet to Compressive strength tests for mix No. 2 
entrainment of an excessive amount of. air, tvpe of retarder, the change in temperature were made at ages of 3 and 28 days. The 
duced conerete having sonic and static from 73° to 90° F. required an increase of 27 results of these tests and the ratios of these 
moduli from 7 to 13 percent lower than those percent in the amount of the carbohydrate, strengths to the strength of concrete without 
for nonretarded concrete. and an average increase of 14 percent for retarder, made on the same day, are shown in 
Effect of an elevated temperature lignosulfonates and 48 percent for organie table 8 
Tests were made to determine the effect of — acid retarders, In general, the same trends were shown in 
an elevated temperature on the properties of fetarder No. 5 caused an unusual effect on tests on specimens made at 90° F. as were 
concrete containing each of the retarders. the setting or stiffening of the screened mortar shown on those made at 73° F. The strength 
7 materials used were stored for several at 90° F. The mortar developed a firm crust ratios differed only slightly. The average 
days prior to mixing at 90° F. The conerete at an early age but remained soft under this | compressive strength at 3 days of the con- 
\ then mixed and the test specimens were crust for some time, When a Proctor pene-  cretes containing the retarders (mix No. 2) 
( lat the same temperature; the specimens — tration pressure of 500 p.s.i. was used, this made at 90° F. was 3,020 p.s.i. and for similar 
¢ cured under wet burlap for 24 hours, and — crust caused the mortar to have an apparent concretes made at 73° F. it was 3,080. p.s.i. 
stored in moist air at 73° F. until tested. retardation time of only 1 hour and 55 minutes. At 28 days, the average compressive strength 
he amount of retarder necessary to give However, higher penetration pressures of over of retarded coneretes made at 90° F. was 
th: desired retardation (21: to 3 hoursas meas- 500 p.s.i. broke through the crust and revealed 5,040 and for concrete made at 73° F. it was 
j ur { by the 500 p.s.i. Proctor test) was deter- the softness of the interior portion of the test 5,760 p.s.i. 
mi ed and the results are given in table 8. specimen. Tests were continued to an age of \ comparison of the compressive strengths 
| It as found that at 90° F. more retarder per 9 hours and the penetration pressure was less at ages of 3 and 28 days of concrete specimens 
ba. of cement was required for the concretes than 4,000 p.s.i. After 24 hours, the mortar made at 90° F. and at 73° F. is shown in 
Co; sining 19 of the retarders than for similar was found to be hard and there was no figure 9. At an age of 3 days, the points 
C etes at 73° FL With the other 6 samples difficulty in removing the concrete specimens representing each conerete, retarded or non- 
. 14, 15, 16, 17, 20, and 24, all lignosul- = prepared with this retarder from the molds retarded, are well grouped with respect to 
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Table 7.—Flexural strength tests ! 








Modulus of rupture 2 
Mix No, 2 Mix No. 3 
Retarder No. can 
7 days 28 days 15 months 4 7 days 28 days 
P.s.i. Ratio? P.s.i. Ratio?) P.s.i. | Ratio?| P.s.i. Ratio?) P.s.i. Ratio? 
1 665 102 700 110 785 101 645 Gs 770 108 
2 675 112 750 103 780 100 630 105 695 O68 
3 | 665 110 TAO 103 &75 105 630 104 745 103 
4 725 118 785 104 S40 102 620 101 770 102 
5 680 106 TH5 YS S70 104 665 104 710 vl 
f 670 111 755 109 830 99 590 O8 710 102 
7 675 107 7H0 100 S845 101 645 102 730 O68 
& 690 108 &30 112 RAS 106 630 OS 755 102 
u 690 100 SO5 106 855 104 655 103 745 QS 
10 670 104 805 113 740 90 690 107 750 106 
11 665 108 725 95 S35 102 650 106 710 93 
12 720 11s 760 105 THO 97 620 102 685 44 
1 685 107 7R5 102 805 O68 655 102 725 O4 
4 675 109 800 102 850 104 625 101 750 a 
i) 715 111 770 110 S45 101 645 100 685 Os 
16 630 102 730 94 S40 109 610 OS 705 90 
17 H90 112 750 103 S15 QS 655 106 745 103 
1S 660 107 755 97 SLO ag 600 Qs 685 SS 
WW 720 110 790 103 T55 90 675 103 755 Ys 
20 695 107 SOO 109 815 ag 630 97 730 ug 
21 660 104 S00 109 825 101 640 101 740 101 
22 5S OS 605 O68 675 87 535 aN 640 SY 
23 670 108 S10 114 715 92 625 100 TAO 107 
24 635 106 745 101 810 104 600 100 650 SS 
25 655 107 750 105 775 be) 590 97 660 92 








! Amount of retarder used is the same amount as shown in table 4. 


? Ratio represents the ratio (expressed in percent) of the strength of concrete with retarder to the strength of the concrete 
without retarder made on the same day. 

3 Each value is the average of five tests made on 5 different days. Specimens were 6- x 6- x 21-inch beams tested in 
accordance with AASHO Method T 97 with third point loading on an 18-inch span. Side as molded in tension. 

4 Each value is the average of three tests. Specimens were 3- x 4-x 16-inch beams tested with third point loading on a 12- 
inch span with a 4inch depth; bottom surface as molded in tension 


the 45° line. The coneretes made with Concretes of equal cement content (mix 
retarders Nos. 3 and 25 show the greatest No. 2) prepared with each of 3. retarders, 
reduction in strength at 3 days due to fabriea- Nos. 12, 15, and 24, had relative durabilities 
tion at an elevated temperature. At an age — of 80 percent or less whereas concretes with the 
of 28 days, almost all of the coneretes made remaining 22 retarders had relative dura- 
at 90° IF. show a lower strength. Coneretes — bilities of 90 percent or more. Concretes of 


prepared with retarders Nos. 5, 7, 11, 13, 18, 
and 25 show this to the most marked extent. 





reduced cement content (mix No. 3) prepared 
with the same 3 retarders had relative dura- 
bilities of than 90 percent. Concretes 
containing retarders Nos. 3 and 23 also had 
relative durabilities of less than 90 percent 
when the cement content was reduced. 

If an assumption is made that a relative 
durability of 80 percent for concrete with ar 


less 


admixture is acceptable, as is specified in 
AASHO Specification M 154 for air-entraining 
admixtures for concrete, and in the proposed 
specification for retarders of Subcommittee 
III-h of ASTM Committee C-9, then only two 
retarders, Nos. 15 and 24 for mix No. 2, and 
three retarders, Nos. 3, 15 and 24 for mix No. 3 
would not be acceptable. 

tetarders Nos. 3, 15, and 24 were all of the 
lignosulfonate type. The air contents of the 
concretes containing these retarders varied 
from 5 to 6.5 percent and with one exception 
(sample No. 24 in mix No. 3) no air-entraining 
agent was added. Concretes containing four 
other lignosulfonate retarders, Nos. 20, 22, 23, 
and 25, to which no air-entraining agent was 
added to six of the eight mixes, had relative 
durability factors for mixes Nos. 2 and 3 vary- 
ing from 86 to 103 percent. Coneretes con- 
taining the other lignosulfonates to which an 
air-entraining agent was added, with the ex- 
ception of retarder No. 12 in both mixes Nos. 
2 and 38, had durability factors of over 90 
percent. 

Organic acid retarders Nos. 4, 8 and 9, 


which required considerable Vinsol resin solu- 


5. 6. 


tion to entrain the required amount of air in 
coneretes for mixes Nos. 2 and 3, had relative 
durability factors in excess of 90 percent. 
Considerable amounts of air-entraining agent 


were also required for mixes No. 2 and 8 with 


Table 8.—Retardation time for concrete and compressive strength tests of specimens made 


F. for mix No. 2 





v. ° 
With respect to type of retarder, some at 90 
differences are found but no outstanding in- 
fluence of any one type is noted. Coneretes 
, . - : , ‘ ‘ . ‘i Amount | Amount 
prepared with retarders Nos. 3, 6, and 15, retarder | retarder 
showed either none or only slight reduction in ne em = = seid - 
| wer. + 4 
strength due to the elevated temperature. | 
Freezing and thawing tests 
Table 9 shows the results of freezing and Oz./bag | Oz./bag | Inches | Percent 
: ‘ . l 1.1 | 3. 2 1.9 
thawing tests made with the retarded con- 2 14.4 16.3 3.2 5.8 
crete. The computed durability factors for + e e oY 
concrete prepared with each retarder after 5 1.0 6.0 1.4 5.8 
300 eveles of freezing and thawing are given 6 1.0 7.0 3.6 5.8 
: ae : ee ae re ee 7 3.5 4.5 3. 0 5.4 
in this table 7 Because of the limited capacity 120 16.0 3 3 5] 
of the freezing and thawing apparatus the 9 2.8 4.0 2.9 6.0 
10 3.2 1.3 3.2 5.2 
specimens for these tests were prepared on 
<a . 1 Ss 6.0 2.9 58 
10 mixing days. “ ; ‘ R 3 o 7 6.9 
To permit comparisons between the con- 13 1.8 5.3 2.8 5.3 
oe é 14 5.0 5.0 2.7 5.6 
cretes containing the different retarders a 15 1.0 1.0 3.0 4.8 
reference mix was made on each mixing day. 16 18 18 30 5.3 
Phe specimens made with the reference mix 7 3.2 3.2 2.9 5.2 
. ‘ ae 1S 4.0) 5.0 2.9 6.5 
were tested with the specimens containing 19 10 4.5 28 5.0 
the retarders, and the durability factors for - sis =e asin “e 
each concrete of mixes Nos, 2 and 3, expressed 21 9.0 12.0 2.7 5.3 
- ae s 22 41.0 4.5 + &.+ 
as a percentage of the durability factor for 23 6.4 7.2 3.0 5.0 
the reference concrete made on the same day, = : 4 7 o =? : : 
are shown in table 9. These values are 








Compressive strength 
Proctor penetration 
test, retardation at 
3 days 28 days 
500 p.s.i. | 4,000 p.s.i. | P.s.i. | Ratio?) P.s.i. | Ratio* 
Hr. Min Hr. Min, 
3:05 2:50 2, 880 121 5, 090 115 
2:45 2:10 2, 550 107 4,410 gy 
2:35 2:35 3, 250 132 5, 260 125 
2:20 2:15 2, 890 117 5, 220 119 
1:55 $:-+- 3, 220 135 5, O80 114 
2:45 3:35 2,770 116 5, 400 122 
2:40 2:55 2, 880 117 4, 700 112 
2:35 2-50 3, 210 130 5, 330 121 
3:10 3:20 3, 060 | 124 5, 220 119 
3:10 3:00 3, 090 129 5, 280 119 
9:50 | 3,470 140 5, 070 115 
2:35 2, 840 119 5, 070 114 
3:05 2, 810 114 4, 540 108 
9:20 3, 180 129 5, 210 119 
2:15 3, 320 134 5, 470 125 
2:20 2:00 3, 350 136 5, 350 122 
3:00 2:40 2, 960 120 5, 270 120 
9-95 2:40 3, 060 124 4,650 111 
2-40 2:15 3, 160 128 5, 390 128 
2:30 2:25 3, 030 123 5, 170 123 
2:40 i} 3,110 130 5, 420 122 
2:25 2, 340 95 3, 940 94 
2:30 3, 020 126 5, 100 115 
2:40 3, 580 146 5, 180 123 
2:25 2,410 101 4, 280 96 











described as relative durability factors. 


Tha a ee oe ee made on the same day. 
lhe durability factors for the reference con- | 15 min): Proctor penetration lead of 4.008 p.s.i 
? Ratio represents the ratio (expressed in percent 
out retarder made on the same day. 
3 Top surface appeared to crust 


crete were quite uniform, varving from 85 to 
92 with an average of 90. 
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' The delay in time of hardening of the concrete containing the retarder as compared with the concrete without retar ‘er 
Time for concrete without retarder to reach 


Proctor penetration load of 500 p.s.i.: 3 hrs, 15 mn. 


4 hours 45 min, (+15 min.). 
of the strength of concrete with retarder to the strength of concrete w 5- 
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simple No. 1, the carbohydrate retarder. 
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Figure 8.—The influence of retarders on flexural strength of concrete; average values for all 
retarders. 


The 
itive durability for this conerete was 101 
recent for mix No. 2 and 99 percent for mix 


) 
oO. 


Conerete having an air content of 5 to 7 


cent is usually considered to have an ade- 
ite resistance to the effects of freezing and 
wing. The fact that the coneretes pre- 
ed with retarders Nos. 3, 15, and 24 con- 
ed at least 5 percent of air and still showed 
tively poor resistance to freezing raises a 
stion of the beneficial value of air entrained 
some lignosulfonates. The only explana- 
Which might be given to this is that the 
Was not in the finely divided and uniformly 
versed form most advantageous in furnish- 
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ing durability to conerete. However, no 
study of air void size and spacing was made. 
The information obtained in these tests indi- 
cated that freezing and thawing tests may be 
of particular significance in acceptance or 
qualification tests of a retarder which requires 
obtain the 


no air-entraining admixture to 


specified air content in concrete. 


Effects of delayed vibration 

The results of tests to determine the effects 
of delayed vibration on the properties of con- 
cretes prepared with retarders are shown in 
table 10. 


specimens for flexure and compression tests, 


During three rounds of making 


an extra beam and eylinder were made for 


each batch. The three extra beams and three 
cylinders were vibrated at 3 or 5!» hours after 
molding. The beams and cylinders prepared 
with mix No. 1 were vibrated at 3 hours and 
those prepared with mixes Nos. 2 and 3 were 
The unit weight of 


each conerete, vibrated and nonvibrated, was 


vibrated at 5's hours. 
determined by weighing eylinders in air and 
under water prior to testing at an age of 28 
days. 

The average increase in unit weight of all 
vibrated retarded concretes was 3.1 and 3.4 
pounds per cubie foot for mixes Nos. 2 and 3, 
respectively, over the unit weights of cor- 
responding conecretes from the same batch 
which had not been vibrated. In general, a 
greater increase in weight was obtained by 
vibration of the coneretes which had high air 
contents. For example, concretes of an air 
content of 8 or more percent (retarder No. 22) 
showed increases in unit weight of 6.5 and 7.4 
pounds after vibration. 

The average unit weights of the vibrated, 
reference mix prepared on 18 mixing days was 
151.3 pounds per cubic foot and 148.3 pounds 
for the corresponding reference mix that was 
not vibrated. The average gain in weight of 
3 pounds per cubic foot for the nonretarded 
mix checks with the average inerease in weight 
of 3.1 pounds for mix No. 2 and 3.4 pounds for 
mix No. 3. 

The average compressive strength at an age 
of 28 days of vibrated, nonretarded concrete 
(mix No. 1) was 5,680 p.s.i. This value was 
11 percent higher than that for the same mix 
Vibration did not 
improve the retarded concretes to the same 


which was not vibrated. 


amount. The 28-day compressive strengths 
of vibrated retarded concrete were 4.1 and 7.3 
percent higher, for mixes Nos. 2 and 3, re- 
spectively, than the strengths of the same 
concrete which was not subjected to delayed 
vibration. All vibrated conerete for mix No. 
3 and 22 of the 25 samples tested in mix No. 2 
showed a gain in strength over nonvibrated 
concrete. 

The 28-day flexural strength of vibrated 
mix No. 2 averaged 2.9 percent lower than 
the strength of the same mix without delayed 


vibration. For mix No. 3 the vibrated and 


nonvibrated concretes had about the same 
flexural strength. 

The flexural 
vibrated, nonretarded concretes (mix No. 1) 
was 725 pounds per square inch. 
than the 


nonvibrated 


average strength of the 
This was 
about one percent less 
strength of the 


average 
corresponding 
concrete. 

The tests indicated that delayed vibration 
of retarded concrete at 51% hours after placing 
was beneficial to the compressive strength. 
However, the time required for the 500-p.s.1. 
Proctor delaved 


penetration pressure for 


vibration was not applicable to concretes 


which were used in this study. This was 
probably due to the grading and the type of 
aggregate used. 
The results of delayed vibration on flexural 
strength of retarded concrete included in this 
benefit, 
vibration 


investigation indicate no apparent 


probably due to the method of 
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Figure 9.—Effect of elevated temperature on compressive strength of retarded concrete. 


emploved, It is difficult to vibrate a hori- 
zontal beam of 6- by 6-inch cross-section with 
a b'g-ineh internal vibrator and obtain ideal 
12-inch 
evlinder, the vibrator spud is immersed for its 
full length in the conerete and effective vibra- 


compaction. In the case of a 6- by 


tion can be obtained. 
Density and absorption tests 


Data on the density and absorption of con- 
crete disks taken from evlinders prepared with 
and without retarders are shown in table 11. 
Mix No. 2, containing each of the 25 retarders, 
different 
along with a reference mix prepared for each 
l-inch thick 
disks which were sawed from the top, middle 


was made on three mixing days 


day. The tests were made on 


and bottom of three 6- by 12-inch eylinders 
day. Each value for 
weight or absorption of the hardened concrete 
given in the table is an average for 6 disks. 

A temperature of 190° to 200° F. 
to dry the disks. This 


chosen because it was considered inadvisable 


made on the same 


was used 
temperature Was 
to evaporate water above the boiling point 
and the uniformity of heating was better con- 
trolled at this temperature than in available 
ovens which operated at temperatures about 
212° F 

The wet and dry densities, unit weight per 
cubie foot, of the disks from the bottom of the 
evlinders were higher than the densities of 
disks 
However, the differences in den- 
sities of disks from the top and middle of 
evlinders were relatively small and indicated 
very 


corresponding from the top of the 


evlinders, 


little effeet on densities by any of the 
retarders. A comparison of densities of the 
retarded coneretes with the densities of the 


reference mix also indicates a non-appreciable 
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gain in weight above that normally obtained 
for the reduced water content, and the term 
“densifier” as used for some retarders, is not 
justified by these data. 

The absorption data given in table 11 were 
calculated from the wet weights at an age of 
28 davs and the weights after drving at 190° to 
200° F. The absorptions were higher for the 
disks from the top of the cylinders than for the 
disks from the bottom of the evlinders. There 


did not appear to be any appreciable effect o 
decreasing the absorption of the conerete in th 
top of a cylinder by the use of a retardet 
Neither did the use of a retarder appear t 
decrease appreciably the range in absorption 
between the concrete in the top and bottom o 
a cylinder. 


Volume change tests 


The data in table 12 indicate that retarders 
have no significant effect 
shrinkage or growth of the conerete used it 
this study. 
comparison of the volume change of retarded 


on lineal drying 


This conclusion is based on 

conerete with that of reference concrete whic!) 
was made on the same day. In general, the 
organie acid retarders (Nos. 4, 5, 6, 8, and 9 
and the (No. 1 
showed very little inerease in shrinkage. Th 


carbohydrate —retarder 


shrinkage values, generally, appear to be 


higher for the retarded concretes that 
moist cured initially for 2 days than those for 


wer 


similar conecretes that were cured initially for 
14 davs. Some of the lignosulfonates, par- 
ticularly Nos. 11, 14, 16, 18, and 24, showed 
the greatest shrinkage for 2-day moist-cured 
Whether the calcium chloride con- 
Nos. 11 and 24 affected 
to conjecture. Likewise 
over five 
14 and 17, affected 
Although the shrink- 
age values for concretes containing retarders 
Nos. 


reeorded, consideration should be given the 


concrete. 
tent of 
shrinkage is subject 


retarders 


whether reducing sugar content, 


percent in retarders Nos. 
shrinkage is conjectural. 


14 and 17 were among the highest values 


chemical composition of each of the two 
retarders. 

The values for expansion under moist 
storage showed no appreciable effect of re- 
One value, 0.019) per- 


cent, for retarder No. 14 is an exception and 


tarders on concrete. 


reference to table 1 shows that the carbohy- 


Table 9.—Results of freezing and thawing tests | 














Mix No. 2 Mix No. 3 
Retarder No 

Air AEA Durability Relative Air AEA Durability Relative 

content idded factor at durability | content added factor at durability 
300 eveles factor? 300 cycles factor 

Percent Vfl hag Percent Percent Percent Ml.j/bag Percent Percent 
1 4.9 16.3 ¥2 101 5.4 21.5 91 ba) 
2 5.2 16.3 91 14) 5.6 21.5 91 ay 
3 6.5 S7 OH 5.6 OS 75 
$ 5.2 14.3 a1 101 5. 1 18.0 SY 99 
5 5.1 10. 2 ST Ow 14 13.5 82 1 
6 5.3 14.3 9] 100 5.4 20. 2 S5 94 
F | 6.1 10. 2 an ay 5.5 13.5 87 Ot 
Ss 5.0 15.1 91 99 5.3 19.3 91 | 106 
” wat) 14.3 4 102 5.3 18.0 87 97 
10 6.0 18. 4 9] gy 5.7 13.5 SS 97 
11 5.4 i} SN 95 5.3 90 S4 43 
12 7 4.1 74 SO 5.9 6.7 72 SS 
13 3 } SN On 6.0 6.7 7Y 43 
«4... 6.0 4 1 ST “4 5.3 11.2 st ON 
15 6.3 72 79 5.0 64 75 
16 6.2 6.1 y2 101 5.5 6.7 83 QS 
17 5.2 10. 2 92 102 5,2 13.5 S6 101 
Is 6.2 6.1 ww) ay 5.0 6.7 S2 U3 
19 5.9 8.2 so | 101 5.0 11.2 S7 Qs 
AY 1 S3 O4 at) 13.5 v1 103 
1 5.0 1. 1 82 91 5.2 11.2 92 103 
22 10.0 92 101 7.9 $.. 91 102 
23 6.1 4.1 SS 97 5.0 EF 76 St) 
o4 0 At 61 5.9 2.4 6s 76 
25 7.6 7 oO 6.6 87 Q7 

Each value is an average of tests on three 3-x 4-x 16-inch beams. Beams frozen and thawed in accordance ith 


AASILO Method T 161 for fast freezing and thawing in water 


? Relative durability factor is the ratio in percent of the durability factor of the concrete containing the retarder to tl 


durability factor of concrete without retarder (mix No. 1 


made on the same day and given the same treatment. 
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Table 10.—Effect of delayed vibration on compressive and flexural strength of concrete at 
28 days! 


rate content for this retarder is over 10 


pereent. 




















Use of excessive amount of retarder : 
Weight of hardened Compressive strength, Flexural strength, 
\ limited series of tests were made using si secnedak ae concreti vibrated vibrated 
\ ). 
four times the amount of retarder which had 
A i Vibrated Non Psd. Ratio 3 Ps.i. Ratio 
previously been determined as the amount Vibrated 
necessary to obtain the desired retardation. 
OQnuilv ten of the 25 retarders were used in Pounds per | Pounds per 
‘ * cu.ft cu. ft 
these tests which were made to determine the Mix No. 1 151.3 148.3 5, 680 11] 725 a9 
2. oe re oe an woll ac . ‘Oc. Mix No. 2: 
effect on the retardation as well as on compre s ; _— iit 6.070 | -” a om 
sive strength at ages of 7 and 28 days. The 2 151.7 148.5 5, GSO 101 740 o7 
“98 : , itaod 3 151.8 147.8 5. 790 113 665 W 
mix data for these concrete samples as well as { nL 148.8 5 90 100 a7 5, oF 
the results of the Proctor penetration tests 158 150.3 6, 500 101 155 % 
and the compressive strength tests and ratios, 6 151.2 147.6 5, 550 104 715 95 
=e ° abl 2 < 152.9 150.8 5, YAO 103 70 101 
are given in table 13. 8 152.4 150.1 6.050 wr | 4) O4 
The mix data show that when four times 9 151.2 149.4 6, 240 107 sae - 
’ 10 152. 4 150. 2 6,120 105 wH5 6 
the normal amount of retarder was used, the 
> . . ‘ 11 152. 2 147.0 6, 240 102 735 105 
air content of the concrete mixtures Nos. 3, 12 150.8 145.3 5, 600 116 740) 106 
7, and 11 was over 8& percent. No air en- ge 152. 6 150. 4 6, 140 104 760 101 
sac: j : 3 4 153.8 150.9 6, 270 105 775 9 
training admixture was used in these mix- 15 152.3 149.1 5, S80 103 725 a7 
tures. The use of an overdosage of retarder 6 152.4 150.0 6, 170 100 765 | 108 
had no effect on the air content of the con- i 152.3 150. | 9, 900 dS 40 Ms 
oe é Is 152.8 151.4 5, 740 4 7H0 101 
cretes Containing each of the other seven re- 19 153.8 151.1 6, 170 102 750 43 
a . 20 152 150.6 6, 260 102 | TOO 100 
turders. The water required for the con- ; 
cretes with an overdosage of each retarder é 152.) 149. 9 2mm ae Lied me 
: : 22 150.8 144.3 5, 420 125 705 104 
Was, With one exception, reduced from that 23 152.3 149.8 6, 290 102 790 95 
: ae oe es Sa — , — é : 24 154.0 151.1 6, 020 Ws 725 HS) 
require for corresponding concretes  con- 25 153.3 Lis | 6 120 109 45 On 
taining the normal amount of retarder. 
8 : ‘ Average 152.4 149.3 104 97 
Phe time required for the concretes to reach Mix No. 3 
- . . 1 151.6 147.6 5810 106 605 “1 
oU0 p.s.l. penetration pressure by the Proctor 2 152.0 148.4 5, 360 104 730 105 
test, varied from approximately 6 hours for 3 152.2 148, 6 5, 610 112 410 a 
. Mie = 4 152. 0 148.7 5, SHO) 105 725 Wd 
concrete containing retarder No. 11 to over 5 153.5 149.8 6, 270 109 705 OH 
R 100 hours for retarders Nos. 3 and 7. For a 6 151.1 148.9 5.320 106 675 ar 
‘ penetration of 4,000) p.s.i., the time varied . 152.2 149.8 5, 830 105 (35 104 
a s ee - s 152. 4 140 5, 690 10% 420 bi) 
from 23 hours to over 150 hours. fetarders rt) 152. 4 149.3 5.910 105 755 102 
: P 7 . 10 53. 2 50.7 6, O00 ( 720 ay 
” Nos. }L and 12 whieh required approximately i -_ ane 
| Pt} : 
6 to 10 hours, respectively, for a 500° p.s.i. 11 153. 6 149.7 5,710 103 685 o7 
? : 12 151.7 147.8 5, 360 107 745 106 
© y penetration pressure, required SO hours and 13 153.8 149.6 5.8U0 109 720 104 
- : ° : 14 153.0 149.3 5, 610 105 740 100 
‘e over 150 hours, respectively, for 4,000. p.s.i. 15 153.5 be & 5 O50 114 670 97 
‘ wenetration pressure. Crusting of the top 
| ; : | ' dos I 16 153. 2 150.0 5, 680 101 735 101 
d surface of the concrete appears to have caused 17 152.1 149.4 5, 720 109 750 101 
. . eee Is 152.6 150.5 5. 600 100 7TH 113 
this diffe rence, 10 152.8 150.1 ». 40 105 735 3 
Phe strength tests show that at an age of 4) 154.0 151.0 6, 380 108 680 95 
7 days, conerete prepared with retarders Nos. 7. oe 152. 5 150. 5 5, 800 103 720 104 
‘ ‘ 22 152.4 145.0 5,190 1t 670 105 
1, 2, and 9 gave compressive strengths greater 33 153 0 149.9 5’ Ban 104 ts 103 
| than those of the conerete without retarder. 24 158. 6 150.7 5, 600 105 600 105 
: ate 25 152.6 147.6 5, 880 126 | 670 ws 
Concrete containing these 3 retarders reached 
. . Average ; 152.7 149. 3 07 100 
the Proctor penetration value of 4,000. p.s.i. ee ; 
in less than 50 hours. 
\t an age of 28 days the conecretes con- 1 Each value for mix No, Lis average of 19 tests. Each value for mixes Nos, 2 and 3 is average of 3 tests made on different 


d ivs. 


Weight of hardened concrete determined on test cylinders at age of 28 days. 
3 Ratio represents the ratio (expressed in percent) of the strength of vibrated concrete to the strength of the non-vibrated 
concrete made on the same day 


taining each of six retarders had strengths 
greater than the strength of the nonretarded 
Mix Of the four  coneretes had 
strengths than the concrete, 


which 


less reference 9 have approximately the same shape as that that when normal rates of hardening occurred, 


= Pes ane nae eee “ ah ‘ : ae 1 a : 
three had air contents of over 8 percent. The — for the reference mix. The curves for the This assumption, however, does not apply to 
foncretes containing retarders Nos. 7 and 12 concrete retarders Nos. 3 and 11 have about — all retarders which had a marked delay. in 


had strength ratios of 90-91 percent of the 
houretarded 
heey od 


the same slope as that for the reference mix. 


3 and 11 
delay but failed to gain a normal amount of 


setting as samples Nos. had such 
concrete, As 
100) hours 


pressure of 


these coneretes It was expected that these coneretes would 


over to obtain a Proctor 


4,000 


continue to develop strength at about the — strength between ages of 7 and 28 days. 


penetration p-s.i., it is) same rate as the reference concrete, and that For most of the retarders tested, use of an 





pos ble that at a later age these coneretes little change in the retarded and nonre- excessive amount did not cause an objection- 

mie’ equal the strength of the reference mix. — tarded strength ratios would oceur with in- able reduction in strength at an age of 28 days. 
Where the air content of the conerete was crease in age. 

hot igh, it appeared that if sufficient curing The curves for the coneretes prepared with Effect of retarders on temperature rise 

Col have been given the conerete, the — retarders Nos. 4, 5, 6, 7, and 12 show a very Figure 11 shows the results of temperature 

‘tre-eth would) not) have been seriously — rapid inerease in strength after a prolonged measurements of retarded and nonretarded 

low ood by the overdosage of retarder, delay in hardening. The assumption drawn — coneretes which were stored at 73° F. for 48 
F ure 10 shows the probable effect of re- from. the plotted data was that for these hours. After mixing, retarded concretes re- 

at r overdosage on the compressive strength — retarders a considerable di lay in setting quired a longer period of time to reach the 

Ofc verete after 7 and 28 days. The curves caused a very rapid gain in strength, and pos- | maximum temperature than did the reference 

shi % the effect of retarders Nos. 1, 2, and — sibly a development of strength superior to mix 
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The inerease varied from approximately 
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Table 11.—Density and absorption tests for mixes Nos. 1 and 2 














Weight Weight of hardened concrete (pounds per cubic foot) 

plastic Air in ee, Absorption 3 
Retarder No. | concrete plastic (percent) 

(pounds | concrete Wet Dry? 

per cubie (percent _ “ 

foot 
Top Middle Bottom Top Middle Bottom Top Middle Bottom 
Mix No.1 145.7 4.5 150.8 151.6 152.0 142.6 143.6 144.1 5.8 5.6 5.5 
4 145.9 1.4 151.0 150.8 152.6 143.1 142.8 145.2 5.5 5.6 5.1 
v 145.3 5.1 149. 5 1). 2 152. 5 141.2 141.9 144.8 5.9 5.8 5.3 
1. 144.3 5.5 149.8 1H). 1 152.6 141.5 142. 1 145.3 5.9 5.6 5.0 
1 145.9 4.7 151.9 152.6 154. 2 144. 1 144.6 147.0 5.4 4.5 4.9 
4 145.9 4.9 152.1 152.1 153.3 144.4 144.3 146.0 §3 5.4 5.0 
16 144.3 6.5 151.0 151.0 152.7 143.6 143.3 145.8 5.2 5.4 4.7 
Is 145.7 0 151.2 151.4 1 1 143.1 143.3 146.9 5.7 5.7 4.9 
2. 144.3 6.0 140.5 150.1 152.4 141.2 142.2 145.0 5.9 5.6 5.1 
21 144.7 5.6 150.9 151.2 152.8 143.1 143. 2 145.5 5.5 . 6 5. 0 
Mix No.1 144.3 5.0 149.6 149 151.7 141.7 141.7 144.5 5.6 2 5.5 
3 143 6.5 151.6 1.3 151.8 144.3 142.6 144.7 5.1 5.4 1.9 
5 145.5 5.1 152.6 151.6 153.3 145.5 144.1 146.5 41.9 5. 2 4.6 
6 144.7 . 2 150. 1 149.7 152.0 142.3 141.8 144.8 5.5 5.6 5.0 
7 144.9 5 151.2 150.5 152. 5 143. 7 142.9 145.7 5.2 3 1.7 
144.1 5.5 150.3 150. 1 152.0 142. 5 142.3 144.9 5.5 5.5 1.9 
13 144.1 e.4 149. 2 149.3 151.2 141.5 141.7 144.3 5.4 5.4 4.58 
15 141.9 6.7 148.8 149.0 150.9 141.1 141.4 144.2 5.5 5.4 4. t) 
17 144.5 9 151.0 150, 2 152. 4 143.5 142. 5 145.6 5.2 5.4 Kz 
IW 145.5 5.0 150.9 150.6 152.5 142.9 142.6 145.3 6 6 5.0 
Mix No.1 143.5 5.0 148.3 149.1 150.6 139. 5 140.5 142.7 6.3 6.1 . 5 
! 144.4 1. 2 149.0 149.5 151.8 140 141.3 144.6 6.0 8 5. 0 
2 143.9 2 148. 2 148.4 151.1 139. 7 139.9 143.4 6.1 6.1 4 
12 144.3 1 151.9 151.7 152.8 144.4 144.2 145.7 2 2 4.9 
22 138.6 S+ 144.7 144.7 147.3 136.8 136.9 140.3 8 5.7 5.0 
25 144.9 5.1 150.1 149.6 142.4 142. 1 141.5 145.2 6 7 5.0 
24 141.5 6.0 150, 2 1. 1 151.6 142.6 142.7 144.8 5.3 2 ..¢ 
25 140.8 8+ 147.8 147.9 150. 0 139.8 140.0 141.9 i t 5. 7 
1 Wet weight determined on disks after 28 days continuous moist storage 
Disks dried to constant weight at 190 to 200° F 
3 Based on wet weight after 28 days moist curing 
one to seven hours. In only three samples lowest maximum temperature, 105 ex 


were the maximum temperatures of retarded 
concretes that of the 
mix. The maximum temperature, 
101° F., was found with retarder No. 24.) This 
temperature was reached almost 7 hours after 
the of the 


The lowest maxi- 


higher than reference 


greatest 


maximum temperature reference 
conerete had been reached. 
mum temperature was 90° F., obtained with 
retarder No. 5. 
The results of measurements for tempera- 
ture rise of retarded and nonretarded mortars 
which 
90° F. 
specimens were stored in 


D4 


mortars 


made at 

The 
at 90° F. 
The inerease in time for retarded 


were sereened from concrete 
12 


air 


are shown in figure mortar 
for 
hours, 


maximum 


for 


to reach a 


the 


temperature 


over time require 1 nonretarded 


mortars varied from about 2's to 16 hours. 
The greatest maximum temperature, 120° F., 
was obtained with retarder No. 24 and the 


No. 6. 


with 


oceurred with retarder of 


containing 


Somewhat 
occurred 
No. 


second lowest maximum temperature, 


an oddity mortar 
This sample recorded the 
106° F., 


The first temperature 


retarder 5. 


at two different times. 


maximum was reached after five hours— 
which was prior to the time the nonretarded 
mortar had reached its maximum tempera- 
ture—-and retarder No. 5 reached 106° F 


again after 23 hours. 

The data show, with the single exception 
of No. 5 on the tests with mortar specimens, 
that all retarders delay the time of maximum 
temperature rise bevond that of nonretarded 
The 


retarders 


data also show 
do 
temperature rise 
Retarder No. 24, how- 


the last 


eonerete and 


that, 


mortar. 
general, increase 
the 


decrease it. 


in not 


appreciably maximum 


but may 
ever, presents an exception to state- 


ment as this sample caused both mortar and 


Table 12.—Tests for change in volume for 
mixes Nos. 1 and 2! 





Contraction 2 
Retarder No. Expansion 
Moist cured, Moist cured 
2 days 14 days 
Percent Percent Percent 
Mix No. 1 0. 044 0. 048 0. 009 
= 046 O41 O11 
9 046 | 044 Oll 
10 047 | O47 O13 
11 059 048 O12 
14 052 048 O19 
16 055 049 O12 
1S 057 049 OOS 
20 049 046 O11 
21 O47 O48 oll 
Mix No. 1 049 046 009 
3 049 045 O11 
5 O52 O44 Oo 
6 O44 046 O11 
7 O51 . 047 Oll 
\ O44 040 O10 
13 053 O45 O10 
15 047 046 .012 
17 053 O56 Oll 
19 O52 046 O10 
Mix No. 1 048 O44 OOS 
] 046 047 oll 
2 O48 04s OOS 
12 047 O39 aO0og 
22 049 O44 O14 
23 O52 O44 O0U 
24 OSt O51 Oll 
25 053 042 Oll 











1 Each value is an average for three 3- x 4- x 16-inch beam 


2 Specimens stored in dry air for 200 days at 73 ind. 50 
percent relative humidity. 
Specimens stored in moist air for 200 days at 73° F. ar 
100 percent relative humidity. 
conerete to develop a. significantly higher 


temperature than the nonretarded mixes. 
Discussion of the Data 


It is to be noted that the findings of this 


investigation apply specifically to the concrete 


prepared with the following materials and 
properties: 
Ce ment, Blend of four type I ce=- 


having a ecaleulated 


alkali 


ments average 


equivalent content of 0.63 
percent. 


Natural 


limestone 


sand, 
l-inch 


{aqreqates. quartz 


and erushed of 


maximum size. 


Slump.—2 to 3 inches. 


1ir content.—5 to 6 percent. 
Mixing——In laboratory  pan-type 
mixer. 


Table 13.—Tests using four times normal amount of retarder for mixes Nos. l and 2! 














Proctor penetration Compressive strength at? 
test time for 
Amount 
Retarder No retarder AEA Cement Water Slump Air 
used vided 7 days 28 days 
YOO Psi 1000 p.s.i 
Est Ratio ? Psi Ratio 2 

Oz ha Ml. hag Baas cu. yd Gal. baq Tnches Pet Hr. Mi Hr. Mir 
Mix Nol o7 6.0 5.9 27 5.4 3:50 5:25 3,650 4,900 
! } 23 6.0 7 2.3 l 20 23 4,330 119 5,500 112 
2 a7 17 ’ S 2.9 ! 27 29 4,160 114 5,500) 113 
3 lt) 2 3 5.4 S 100 100 1,480 {1 2.640 54 
‘ 12 2 6.0 4 3.0 l sO) s) 2380 65 5,900 120 

lt 12 6.0 3 iz 18 1 75 3,340 92 6,200 127 
‘ 1H 1) Q j 3.2 4 s() + 1504 320 y 5,030 103 
7 14 s 2 5.2 s 100+ 150+ 4,420 uO 
“ 11 2 Q 5.4 3.8 ( 10+ 1s 3,860 106 5,650 115 
1 ht 2 19 ‘3 s ti 80+ 1,540 42 2.500 1 
1? It 27 6.0 5.1 2.2 5. 10+ 150+ 4,460 9] 
Normal amount of retarder is amount required to retard the setting time of the concrete 2 Ratio represents the ratio (expressed in percent) of the strength of concrete with retat ce! 
at 73° F. for 24e hours to 3 hours to the strength of the concrete without retarder 
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When a retarder was used in sufficient 
amounts to delay the setting time for 2's to 
3 hours as indicated by a 500 p.s.i. Proctor 








6000 
penetration load, the results obtained are as 
follows: 

e For concrete of equal cement content and 
equal slump, all retarders tested permitted 
reductions of the water content of a 6-bag 

5,000 concrete mix from 1 to 12 pereent (0.1 to 


0.7 gallon per bag of cement) below the water 
content of similar conerete that was not 
retarded. 





e The chemical composition of retarders 








generally affected the reduction of water. 
The sucrose carbohydrate retarder permitted 
the least reduction of water, 1 percent, while 
the organie acid retarders permitted 5-7 per- 





cent reduction, and the lignosulfonates per- 





4000 yy 
Y fs 


° 
? et ie 
WA Y fg mitted a reduction of 5-12 percent in water 
3,000 Vv ag | Poo content. 








j e The time of final hardening of retarded 
| NO 4= concretes at 4,000 p.s.i. Proetor penetration 
‘ _ pressure was less than 11 hours; whereas the 


wo time of final hardening of retarded coneretes 





2,000 





COMPRESSIVE STRENGTH-P.S.1. 









CONCRETE MIX 
(NO RETARDER) 


sive strengths at 8, 7, 28, and 365 days than 
nonretarded conerete.  Inereases in strength 





t at a pin pullout load of 8 p.s.i. was less than 
l ! 10 hours 
“ ul e Concretes prepared with mix No. 2, ex- 
a : : 
REFERENCE ly cept for retarder No. 22, had higher compres- 
i 
1000 HH : : 
at 365 days were from 9 to 25 percent. Con- 
| crete prepared with retarder No. 22, which 


had an air content in excess of 8 percent, had 





— <= as 


compressive strengths which were less at all 





ages than the strengths of the nonretarded 











bc concrete. 
O a oF 28 ° - ; 
e Concretes which were prepared with each 
ve AGE-DAYS (LOG. SCALE) of 23 retarders, and which had cement con- 
- ; : : : 5. tents of 5.75, 5.5, or 5.25 bags, had equal or 
Figure 10.—Effect of overdosage (4 times) of retarder on compressive strength. : : ; 
; : ; higher compressive strengths at all ages than 


the reference mix with a cement content of 














































= | | ia MAX TeuP 96° 6 bags. Coneretes containing 5.25 bags of 
70 ees 9° NO RETARDER) — cement which were prepared with each of 
90 | | ee two retarders had air contents of more than 
70 le | 4 8 percent and had lower compressive strengths 
90 _— than the 6-bag nonretarded concrete. In- 
«er s < creases in compressive strengths of the other 
90 ‘ee ~, 23 retarded coneretes were from 2 to 15 
aad percent at an age of 365 days. 
3 e Flexural strengths of 6-bag retarded con- 
“ . cretes, of less than 8 percent air content, 
Ww ne w « were from 2 to 18 percent higher at an age 
z a | 2 rd of 7 days than the reference mix flexural 
~~ a ae E) ~~ > strength. At 28 days, the strengths of con- 
; 2: LL A da oo Gee a ia : crete containing 20 of the retarders were 
_" | | | 0 a 5 3 greater than the strengths of nonretarded 
a 70 cal pa aan = < <q a conerete. The flexural strengths of the 
i cs | | a? ws w specimens which had been moist cured for 
= *9 1c 192° eral, = 15 months were up to 9 percent greater for 
- = 


concretes prepared with each of 14 retarders, 
and from 1-10 percent lower for 10 retarders 





than the strengths of the reference mix. The 
flexuralstrengths at all ages for the retarded 












































| fo 10 coneretes containing over 8 percent entrained | 

) : a | ee 70 2 air were lower than the nonretarded concrete. i 
-95e| — 90 e Flexural strengths of conecretes of reduced 
—— 70 = = cement contents (5.25 to 5.75 bags per cubic 
| } | | Te 99 25 yard) prepared with each of 17 retarders were, 
= | | 70 = a at 7 days, equal to or greater than that of 
ae 09 S © % 20 25 30 35 40 46 o 5 © 8 20 25 30 35 #0 46 the 6-bag nonretarded concrete. At 28 days, 
a , aie — coneretes prepared with each of 9 retarders 
Fig) re 11.—Effects of retarder on temperature rise of concrete made and stored at 73° F. showed increased strengths. When compared 
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with 


the strength of 6-bag concrete, 7 sam- 


ples showed reductions of 2-3 percent at 7 
days and 16 samples showed reductions of 
at 28 days. 


e The sonie moduli of elasticity for con- 


1-12 percent in flexural strength 


cretes of 6-bag retarded conerete (excluding 


the retarder with the high air content) were 


higher at 7 and 28 days than the moduli of 


corresponding nonretarded concrete for all but 
one retarder, 


e The sonie moduli of elasticity for con- 


reduced content (5.25 to 


with 


cretes of cement 
each of 24 
the 
6-bag 


5.75 bugs) retarders were 


equal to or higher than moduli of non- 


retarded 
except in 2 


concrete of cement content 
Values for 


modulus of elasticity, however, were generally 
that 


samples. static 


lower than those were determined 


sonically, 

etn 22 cases of 6-bag retarded concrete, 
delayed vibration increased the compressive 
strengths at 28 days over that of the non- 
vibrated The 28-day 


retarded 


concrete, compressive 


strength of with a 


tent of 


conerete 


con- 


less than 6 bags was equal to. or 


greater than the corresponding nonvibrated 
The delaved 


on 28-day flexural strength was not as 


concrete eect of vibration 
bene- 
ficial as oon 
the 


Vibration increased the density of retarded 


compressive strength possibly 


due to method of vibration emploved 


concrete and a reduction of entrained ait 


probably occurred, 
moisture Was 


e Shrinkage due to a loss of 


slightly greater with some retarded concretes 


than for the nonretarded mix. After 200 
days of storage in dry air, reductions in 
length of O.044 to 0.049 percent for 6-bag 
nonretarded conerete and 0.039 to 0.059 


percent for retarded conerete were obtained. 


The increase in length of retarded concretes 
during 200 days of continuous moist storage 
was generally only slightly greater than that 
for concrete prepared without a retarder 

e Relative the 


centage ratios of the durability factor of the 


durabilitv. factors, per- 


retarded conerete to the durability factor of 


nonretarded conerete, for 6-bag retarded 


concretes, when frozen and thawed in water, 
were 61, 79, and SO with the use of 3 lignosul- 
fonates and were 91 or greater for the other 


22 retarders. Relative durability factors for 


retarded concrete having a cement content 
of 5.25 to 5.75 bags varied from 75 to S86 for 
5 lignosulfonates and were 90 or greater for 
the other 20 retarders. 

e The average absorptions at 28 days for the 
nonretarded mix were 
for the middle, 


respectively, of a 6- by 12-inch evlinder. 


5.9, 5.8, and 5.5 pereent 


top, and bottom. seetions, 


For 
retarded concretes in 6- by 12-inch evlinders, 


average absorptions at 28 davs were 5.7, 5.5, 


and 5.0) percent for the middle, and 


bottom sections when an organie acid retarder 


top, 
was used, and were 5.5, 5.5, and 5.0 percent, 
respectively, when lignosulfonates were used. 
In general, the weight per cubie foot of the 
retarded conecretes 
the weight of 
nonretarded mix 


was only higher 


the 


slightly 


than corresponding 
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Figure 12.—Effects of retarder on temperature rise of mortar made and stored at 90° F. 


e Kor 6 of the 19 lignosulfonates, the same 


amount of retarder caused a retardation of 


about 2') hours (at 500° p.s.i. Proctor pene- 


tration) whether the concrete was prepared 
43° or 90° F. For all 


more material was required 


at a temperature of 


other retarders, 


to retard the concrete prepared at a tem- 
perature of 90° than at a temperature of 73 


I. This increase in the amount of retarder 
needed varied from 33 to 75 percent for the 
organic acids, from 5 to 37 percent for the 
lignosulfonates, other than the 6 mentioned 


the single 


All returded concrete 


above, and was 27 percent for 
carbohydrate retarder, 
samples except one developed a final hardening 
(4,000 p.s.i. Proctor penetration) at a tem- 
of 90 F. 


Concrete 


perature in approximately 7 to 8 
the 


Lime 


hours. prepared with other 


retarder became hard at between 


Q and 24 hours. 


some 
e Concrete prepared with 24 retarders at 
90° F 
compressive strength that was from 1 to 46 
than the the 
With the use of 2 retarders, 
and 99 


(omitting retarder No. 22) had a 8-day 


percent greater strength of 
nonretarded mix. 
28-day compressive strengths of 96 
the strength of the reference mix 


but the 


percent of 
retarders 
from 8 to 28 


were obtained other 22 


enused strength increases of 


percent. 
e An overdosage of 4 times the norma! 
amount of each retarder required to obtain 


a retardation of 2)5 to 3 hours caused setting 
150 


Proctor penetration pressure of 


times of 253 hours at oa 
1,000) p.s.i 


Of 5 lignosulfonate retarders used, 


hours to over 


3 caused 
air contents of over S percent and the other 


required the addition of Vinsol resin for 


entrainment of 3d percent air. Setting time 


of concrete for the overdose of the carbo- 
hydrate retarder was 23 hours at a Proctor 
penetration pressure of 4,000 p.s.l. Setting 


time of coneretes 1, OOO p.s.1, with the } 
organic acid retarders varied from 48 hours 
to ove! 150 hours. 

Compressive strengths at 7 and 28 day: 


obtained for coneretes with an overdosage of 
Three 


Which entrained 


retaurders follows: lignosul- 


Pi}; 


were as 


fonates (Nos. eR a: and 


more than 8 percent air, were less than th 
strength of the reference concrete. At 
age of 28 days, the reductions in strengt! 
were from 10-49 pereent. Three orgar 
acid retarders (Nos. 4, 5, and 6) were less 
than the strength of the reference coneret: 
after 7 days, but were 3-27 percent higher 
after 28 days. A fourth organic acid retarder 
No. 9) caused increases in strength of 6 | 
percent at 7 days and 15 percent at 28 day- 
The carbohydrate sample (No. 1) caused 


increases in streneth over the reference mix 


of 19 percent at 7 days and 12 pereent at 28 
days. 

e Only retarder No. 24 caused concrete to 
have a maximum rise in temperature signifi- 
eantly higher than that of nonretarded con- 
crete made and stored at 73° FF.) Development | 
of the maximum temperature of the ot! 
sumples tested occurred approximately 8 
hours later than in the conerete without 
retardet 


In tests of mortar specimens made 


stored at a temperature of 90° F., again « 
retarder No. 24 eaused the maximum rist 


Conti ed on page 15 
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Recommended Specification for Water-Reducing Retarders 


OF 


[. GENERAL 

When required by specifications, or special 
provisions, or permitted by the engineer on 
written request from the contractor, an 
approved, set-retarding admixture that meets 
the requirements shall be 


herein specified 


added to the concrete. 
11. ADMIXTURES 

The admixture may be in liquid or powder 
form, and of one of the following types: ! 


A. A potassium, or 
ammonium salt of lignosulfonie acid. 


calcium, sodium, 

B. A hydroxvlated carboxylic acid or its 
salt. 

C. A earbohydrate. 

Ill. ACCEPTANCE REQUIREMENTS FoR’ Ap- 
PROVAL OF ADMIXTURES 

\. Source of test data for approval of admiz- 
ture.—Data from a recognized laboratory that 
show the water-reducing retarding admixture 
conforms to the following requirements in this 
section shall be submitted. A “recognized” 
laboratory is any State highway, Bureau of 
Publie Roads, or cement and conerete labo- 
ratory, inspected regularly by the Cement 
Reference Laboratory of the American So- 
cietv for Testing Materials. 

B. Type of test data.—-The test data shall be 
obtained by the use of conereting materials 
and by methods that meet the requirements of 
current standards of the American Association 
of State Highway Officials (AASHO) or the 
\merican Materials 

\STM) as listed in section V of this specifica- 


Society for Testing 
Mh. 

C. Miz 
irded concrete prepared with the admixture 
der test, shall be compared with those of a 


requirements.—-The properties of 


referenee conerete, which contains the same 
cement and aggregates, without retarder, and 
I the following composition: 

Cement content 6.0.0.1 bags per 
cubie vard; 
Air content 9.59+0.5 percent; 

Slump—2!3 + 1's inches; 
Fine aggregate, by solid volume of 
total aggregate —36 to 41 percent. 

1. The mixes of concrete containing the 
returder shall have an air content of 5 to 7 
percent, inclusive. An approved air-entrain- 
idmixture shall be used if the retarder does 


he! entrain sufficient air. 
2. A sufficient amount of retarding ad- 
n ure shall be used to cause an inerease of 


160 percent in setting time over the setting 
of the reference mix. The setting time 


——$——— 


er types of retarders may become available, 
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for both mixes shall be determined 


y 


using a 


Proctor penetration pressure of 500 pounds 
per square inch at a temperature of 73.4+3° F. 
for the coneretes and ambient air 

D. Required properties of retards When 
added to concrete in powde r or liquid form, 
in the manner prescribed by its manufacturer 
or marketer and in sufficient amount to retard 
the setting time 50 to 60 percent, the re- 
tarding admixture shall cause the concrete to 
have the following properties in comparison 
with those of the reference concrete 

D-1. When the test and reference concrete 
have equal cement content and equal slump: 

(a) The water content shall be decreased 
at least 5 percent; 

(b) The air content of the retarded con- 
erete, with or without an air-entraining ad- 
mixture, shall not exceed 7 percent 

(c.1) The compressive strength at ages of 
3, 7, and 28 days shall be increased at least 10 
percent; 

(c.2) For conerete to be used in pavement 
the flexural strength shall not be reduced at 
an age of 7 davs; at an age of 28 davs, the 
flexural strength shall not be reduced mor 
than 5 percent; 

(d) The relative durability factor for the 
freezing and thawing test shall not be less 
than 80; 


(e) The drving shrinkage at 200 days, after 


2 days initial moist curing, shall not increas 
more than 0.0L percentage points over the 
shrinkage of the nonretarded coneret 

D-2. When the test conerete has a reduced 


cement content of bag per eubie vard but 


the same slump as the reference concrete: 

(a) The compressive =treneth it ages of 
3, 7, and 28 days shall not be reduced 

b) The air content of the retarded con- 
crete, with or without an air-entraining ad 


mixture, shall not exceed 7 percent 
(ec) The flexural strength shall not be = re- 
duced more than 5 percent at an age of 7 davs 
nor more than 10 pereent at an age of 28 davs 
(ad) The relative 
freezing and thawing test shall not be less 
than 80. 


durability factor for the 


IV. PERFORMANCE REQUIREMENT 


When a contractor proposes to 
proved water-reducing retarding 
he shall submit a certificate stating that the 
admixture is identical in composition with the 
sample that was used for the acceptance tests 
If the admixture varies in concentration from 
the acceptance sample, a certificate will be 
required stating that the product is essentially 
the same for chemical constituents as the 


approved admixture, and that no other ad- 


Portland Cement Concrete 


mixture or chemical has been added. either 
prior to or at any time during construction, 
the engineer may require the selected admix- 
ture to be tested further to determine its 
effect on the strength of the concrete. When 
so tested, 3- and 7-day compressive strengths 
or 7-day flexural strengths of the concrete, 
made with the admixture and specified cement 
and aggregates, in the proportions to be used 
or being used on the job, shall meet the re- 
quirements of Section IIT D for either equal 
cement content or reduced cement content. 
\ reference mix of equal or higher cement con- 
tent, without the retarder, shall be made and 
tested with the conerete containing the re- 
tarder as a basis for comparison. 

The strength relations shall be caleulated 
on the results of at least 5 standard 6- by 
12-inch evlinders or 5 standard 6- by 6- by 
21-inch beams, made, cured, and tested in 
accordance with the current AASHO Methods 
T 22, T 97, and T 126, for each class of con- 
crete at each age of test. 


V. APPLICABLE SPECIFICATIONS 

A. AASHO specification M 85 for portland 
eement, type for i. 

B. AASHO specification M 6 for fine aggre- 
gate for portland eement conerete. 

C., AASHO specification M SO for coarse 
aggregate for portland cement concrete, 

). AASHO specification M 154 for air- 
entraining admixtures for conerete. 

kk. AASHO method T 
curing conerete compression and flexure test 
specimens in the laboratory. 

Fk. AASH®O method T 119 for slump test 
for consisteney of portland cement concrete. 

(i. AASHO method T 152 for air content 
of freshly 
method, 


H ASTM method C 403 for rate of harden- 


126 for making and 


mixed conerete by the pressure 


ing of mortars sieved from concrete mixtures 
Dy Proctor penetration resistance needles. 

I. AASHO method T 121 for weight per 
cubic foot, vield, and air content (gravimetric) 
of conerete 

J. AASHO method T 22 for compressive 
strength of molded conerete evlinders. 

K. AASHO method T 97 for’ flexural 
strength of concrete (using simple beam with 
third-point loading). 

L. AASHQO method T 160° for 
change.of cement mortar or conerete. 

M. AASHO method T 161 for resistance of 


eonecrete 


volume 


specimens to rapid freezing and 
thawing in water. 

N. ASTM method C 215 for fundamental 
transverse, 


longitudinal, and torsional fre- 


quencies of concrete specimens. 
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for Concrete— 
Physical Tests 


(Continued from page 152 


temperature to exceed that of mortar. pre- 


pared without aretarder. except for retarder 


No. 5, which developed its maximum = tem- 
perature of 106° F. at two different times, 
the other retarders reached their maximum 


temperatures 3-8 hours later than did the 


nonretarded mortar mix. 
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New Publications 


Three new publications by the Bureau of 
Public Roads are from. the 
Superintendent of Documents, Government 
Printing Office, Washington 25, D.C. 

Highway Transportation Criteria in Zoning 


now available 


Law, dealing with the zoning law as it relates 
to highways is available at 35 cents a copy. 
This 


publication consists of two articles. 


The first article, Jlighway Transportation 
Criteria in Zoning Law, presents a compre- 


hensive annotation of court decisions and 
statutory law dealing with the use of zoning 
powers to promote traffic and transportation 
objectives without hindering progress toward 
achievement of overall land-use 


The 


nature of 


planning 


article relates the extent and 


gouls, 
existing 
highway then 
suggests new criteria for consideration by the 


judicial application of 


transportation criteria, and 


courts in handling zoning actions. Finally, 
the article recommends ways and means to 
criteria, 


State 


obtain judicial acceptance of new 


Included is a summary of pertinent 
zoning enabling legislation and a number of 
suggested zoning ordinance provisions. 

The second article presented in this publi- 
Police and Planning Controls 


eation, Power 


154 


for Arterial Streets, suggests application of 


regulatory and = zoning traffic 
A Wash- 
ington, D.C., arterial street is used to illus- 
trate the and certain 


manifestations of deterioration sought to be 


measures to 
problems on urban arterial streets. 
conflicting purposes 
remedied through the utilization of the police 
powers, access control provisions, and land-use 
and planning controls. 

The 


may 


publication available which 


be purchased at 20 cents a 


second 
copy is a 


revised edition of The Ide ntification of Rock 


Ty pe $s. 


In selecting the best rock for use in different 


types of highway construction, in planned 


locations of roads and bridges, and/or in 


locating sources of aggregates, highway 


engineers must be able to identify types of 


rocks in the field without elaborate equipment. 
This publication, which revises and expands 
the original edition of 1950, provides a simple 
method, suitable for field use, for the identifi- 
the different rocks. The 
Rock Types will also be of 
great use to many other engineers, 


cation of 
Identification of 


types of 


students, 
and other persons interested in this subject 
or whose work requires a limited practical 
knowledge of geology. 

Also available is the publication entitled 
Road-U'ser Selected 


and Property Taxes on 





Motor Vehicle Size 
and Weight Limits 


A comparison of State legal limits of motor- 
with 
American 


and weights standards 


recommended by the 


vehicle sizes 
Associatiotr 
of State Highway Officials is given in the tablk 
141. 
ported in this tabulation, prepared by the 
Bureau of Public Roads as of July 1, 1960, 
have been reviewed for accuracy by the appro 
priate State Officials. 


on pages 140 The statutory limits re- 


Statutory limits are shown for width, height, 
length of vehicles; 
units; 


and number of towed 


maximum axle loads for single and 
tandem axles; and maximum gross weights 
for single-unit truck, truek-tractor semitrailer 


combinations, and other combinations. 


Editors nole: 
distribution of this table prior to this issue 


For those who have received 
please note the following corrections in foot 
note references: 
and Ohio, the footnote 
should be deleted 
load-pounds, 


In the entries for Maryland 
and 44 
column ‘Axi 
Statutory limit”; ii 
the entry for North Dakota, footnote reference 
14 should be added in the 


combination” 


numbers 31 
from the 
Tandem, 


“S5-axle’”’ and ‘Other 
under the 
‘Practical maximum gross weight.” 


columns heading 


Motor Vehicles, 
reports the motor-fuel 
and truck fees, 
the property 


1960. The 38-page bulletin 


taxes, passenger car 
and other road-user taxes and 
taxes (where available) that 
would be paid on each of 13 selected typical 
vehicles, from passenger 


heavy truck-trailer combinations. 


ranging cars) to 
Assuming 
annual miles 
traveled, this bulletin reports the amount of 
paid in State under the tax 


schedule in effeet on January 1, 1960. 


certain conditions, such = as 


taxes each 
The publication has the same objectives as 
the three previous reports discussing taxes 


on selected motor vehicles, the last of which 


was published in Pusztic Roaps in August 
1956. 
The new study supplies basie data on 


road-user taxes as of January 1, 1960, and 
shows the relation of those taxes to property 
taxes levied on motor vehicles. A second 
objective of the study was to permit a com 
parison of the road-user taxes of each State 
with those of other States on similar vehicl:s 
and similar services. 

Road-User and Property Taxes on Select l 
Motor Vehicles, 1960, may be purchased fro n 
the Superintendent of Documents, Gover i 
Printing Office, Washington 25, D.C., 


at 30 cents a copy. 
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1 list of the more important articles in PusBiic Roaps and title 


sheets for volumes 24-80 are available upon request addressed to 
Bureau of Public Roads, Washington 25, D.C. 


The following publications are sold by the Superintendent of 


Documents, Government Printing Office, Washington 25, D.C. 


Orders should be sent direct to the Su perintende nt of Documents. 
Prepayment is required. 


ANNUAL REPORTS 


Annual Reports of the Bureau of Public Roads: 
1951, 35 cents. 1952, 25cents. 1955, 25 cents. 1958, 30 cents 


1959, 40 cents. Other vears are now out of print. 


REPORTS TO CONGRESS 


\ Report of Factors for Use in Apportioning Funds for the 
National Svstem of Interstate and Defense Highways, Hous« 
Document No, 300 (1958). Out of print 


Consideration for Reimbursement for Certain Highways on the 


Interstate Svstem, House Document No. 3801 (1958). Out of 
print. 

Factual Discussion of Motortrueck Operation, Regulation and 
Paxation (1951). 30 cents. 


Federal Role in Highway Safety, House Document No. 93 (1959 


OU cents. 


First Progress Report of the Highway Cost Allocation Study, 
Hlouse Document No. 106 (1957). 35 cents. 


Highway Needs of the National Defense, House Document No. 
249 (1949). Out of print. 


Interregional Highways, House Document No. 379 (1944). Out 
print. 
J Rural Road Problem (1950). Out of print. 
Necds of the Highway Systems, 1955-84, House Document No 
“1) (1955). Out of print. 
P: ss and Feasibility of Toll Roads and Their Relation to the 
lo deral-Aid Program, House Document No. 139 (1955). Out 
rint. 
P: ss Report on the Federal-Aid Highway Program, House 
iment No. 74 (1959). Out of print. 
P Utility Relocation Incident to Highway Improvement, 
Hise Document No. 127 (1955). 25 cents. 
T Progress Report of the Highway Cost Allocation Study, 


e Document No. 91 (1959). Out of print. 


PUBLICATIONS 

Catalog of Highway Bridge Plans (1959). $1.00. 

Classification of Motor Vehicles, 1956-57. 75 cents. 

Construction of Private Driveways, No. 272 MP (1987). 15 cents. 

Design Capacity Charts for Signalized Street and Highway Inter- 
sections (reprint from PuB Lic Roapbs, Feb. 1951). 25 cents. 


Federal Laws, Regulations, and Other Material Relating to 
Highwavs (1960 $1.00 

Financing of Highways by Counties and Loeal Rural Govern- 
ments: 1942-51. 75 cents. 

General Location of the National Svstem of Interstate Highways, 
Including All Additional Routes at Urban Areas Designated in 
September 1955. 55 cents. 

Highwav Bond Caleulations (1936). 10 cents. 

Highway Capacity Manual (1950). $1.00. 


Highway Statisties published annually since 1945): 
1955, $1.00 1956, $1.00. 1957, $1.25. 1958. $1.00 


Highway Statistics, Summary to 1955. $1.00. 


Highway Transportation Criteria in Zoning Law (1960). 35 
cents. 

Highways of History (1939). 25 cents. 

Hvdraulies of Bridge Waterways (1960). 40 cents. 

Legal Aspects of Controlling Highway Access (1945). 15 cents. 


Manual on Uniform Traffie Control Devices for Streets and High- 

wavs (1948) (ineluding 1954 revisions supplement). $1.25. 
Revisions to the Manual on Uniform Traffie Control Devices 
for Streets and Highways (1954). Separate, 15 cents. 

Parking Guide for Cities (1956). 55 cents. 

Publie Control of Highway Access and Roadside Development 
1947 39 cents. 

Public Land Acquisition for Highway Purposes (1943). 10 cents. 

Results of Phvsieal Tests of Road-Building Aggregate (1953). 

5 

$1.00. ; 

Selected Bibliography on Highway Finance (1951). 60 cents. 

Specifications for Aerial Surveys and Mapping by Photograme 
metric Methods for Highways, 1958: a reference guide outline. 
75 cents. 

Standard Specifications for Construction of Roads and Bridges on 
Federal Highway Projects, FP-57 (1957). $2.00. 

Standard Plans for Highway Bridge Superstructure (1956). 
$1.75 

The Identification of Rock Types (revised edition, 1960). 20 
cents. 

The Role of Aerial Surveys in Highway Engineering (1960). 
1) eents 


Transition Curves for Highways (1940). $1.75. 
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